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PREFACE 


Silver  Bow  Creek  originates  north  of  Butte,  Montana  and  is  a major 
tributary  to  the  upper  Clark  Fork  River.  Mill  tailings  and  other 
mining  wastes  in  and  near  the  creek  contribute  to  substantial  down- 
stream contamination,  particularly  by  potentially  toxic  elements: 
arsenic,  cadmium,  copper,  lead,  iron,  and  zinc.  These  elements  and 
others  were  present  in  the  mine  ore  and  remain  as  by-products  of 
the  milling  and  smelting  processes. 

The  history  of  mining  in  the  Butte  area  began  with  the  discovery  of 
placer  gold  in  Silver  Bow  Creek,  in  late  summer  of  1864.  Several 
townsites  and  camps  sprung  up  among  the  diggings.  However,  these 
operations  were  short-lived,  and  most  of  the  miners  left  by  1869  . 
Those  who  stayed  began  prospecting  the  quartz  lode  deposits  of 
silver  and  the  associated  complex  copper  ores  on  the  Butte  Hill. 
Their  efforts  culminated  in  a silver  rush,  which  began  in  the  mid- 
1870's  and  revived  the  old  camp.  During  that  time  world-class 
deposits  of  copper  ore  were  identified.  By  1881,  Butte  had 
become  one  of  the  nation's  major  mining  centers;  the  district  attained 
national  dominance  in  copper  mining  by  the  mid-1890's  and  inter- 
national prominence  by  the  turn  of  the  century.  By  1915,  Anaconda 
Copper  Mining  Company  led  the  industry;  but  in  1980,  in  response 
to  a depressed  copper  market,  Anaconda  closed  all  the  underground 
mines  and  continued  active  mining  only  in  the  Berkeley  Pit  (estab- 
lished in  1955).  In  1977,  Anaconda  became  a subsidiary  of  Atlan- 
tic Richfield  Company  (ARCO).  ARCO  closed  the  Berkeley  Pit  in  1982 
and  the  East  Berkeley  pit  in  1983. 

In  addition  to  mining,  various  ore  processing  facilities  also 
operated  in  the  Butte  area.  The  first  two  mills  were  erected  in  1874 
to  smelt  gold  and  silver.  Ten  years  later,  Marcus  Daly,  one  of  the 
founders  of  the  Anaconda  Company,  built  a copper  smelter  27  miles 
west  of  Butte  and  planned  the  city  of  Anaconda.  The  Anaconda 
Smelter  was  moved  to  a new  location  in  the  city  in  1900,  and  operat- 
ed from  1903  to  1980. 

The  history  of  over  100  years  of  continuous  mining  and  related 
activities  changed  the  area's  natural  environment  greatly.  Early 
mining,  milling,  and  smelting  wastes  were  dumped  directly  into  Silver 
Bow  Creek  and  transported  downstream  to  the  Clark  Fork  River.  In 
1911,  the  first  treatment  pond  was  built  by  Anaconda  Company  near 
Warm  Springs,  Montana,  to  settle  out  wastes  from  Silver  Bow  Creek 
before  the  water  was  allowed  to  move  on.  In  1916  and  1959  , two 
more  treatment  ponds  began  operation.  Silver  Bow  Creek  continued 
to  receive  raw  mining  and  milling  wastes  until  1972,  when  a treatment 
plant  was  added  to  the  Weed  Concentrator  in  Butte.  Creek  contami- 
nation problems  were  compounded  by  urban  and  domestic  sewage,  wood 
products  treatment  plants,  phosphate  and  manganese  production  facil- 
ities, and  chemical  factories. 
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In  1983,  the  U.S.  Environmental  Protection  Aqency  (USEPA)  desiq 
nated  Silver  Row  Creek,  contiguous  portions  of  the  upper  Clark 
Fork  River,  and  their  environs  as  a hiqh  priority  Superfund  clean- 
up site.  The  site  extends  from  Butte  to  Deer  Lodge,  Montana,  qener 
ally  followinq  the  course  of  Silver  Bow  Creek  and  the  upper  Clark 
Fork  River.  Because  the  various  mining  activities  interrupted  the 
natural  flow  of  Silver  Bow  Creek,  the  beginning  of  the  creek  for 
this  investigation  was  established  as  the  confluence  of  the  Metro 
Storm  Drain  and  Blacktail  Creek,  within  the  city  limits  of  Butte. 
The  site  begins  at  the  start  of  the  Metro  Storm  Drain  and  ends  at 
the  Kohrs  Bridge  north  of  Deer  Lodge. 

The  Silver  Bow  Creek  Remedial  Investigation  (SBC  RI  ) project  con- 
sisted of  coordinated  individual  studies  to  develop  data  on  the 
extent  and  severity  of  contamination  within  the  site.  Results  of 
the  studies  are  reported  in  several  volumes.  A Summary  Final 
Report  discusses  the  entire  project;  final  reports  for  each  indivi- 
dual study  have  been  issued  as  appendices  to  the  Summary,  as  shown 

below  : 

•Surface  Water  and  Point  Source  Investigation,  Appendix  A, 
Parts  1 - 3 • 

•Ground  Water  and  Tailings  Investigation,  Appendix  B,  Parts  1-3; 
•Warm  Sp r i nqs.  Ponds  Investigation,  Appendix  C; 

•Algae  Investigation,  Appendix  D,  Part  1; 

• Veqetation  Mappinq,  Appendix  D,  Part  2; 

•Agriculture  Investigation,  Appendix  D,  Part  3; 

• M a c r o i n ve r t ebr a t e Investigation,  Appendix  E,  Part  1, 

•Bioassay  Investigation,  Appendix  E,  Part  2; 

•Fish  Tissue  Investigation,  Appendix  E,  Part  3; 

•Waterfowl  Investigation,  Appendix  E,  Part  4;  and 
•Laboratory  Quality  As surance/Oua 1 i ty  Control  Program,  Appen 

d i x F . 

The  Solid  and  Hazardous  Waste  Bureau  (SHWB)  of  the  Montana  Depart- 
ment of  Health  and  Environmental  Sciences  ( MDHES ) administered  the 
USEPA  appropriations  to  conduct  this  project.  The  Montana  SHWB  pro 
gram  manager  was  Mr.  Michael  Rubich.  MDHES  contracted  with  Multi 
Tech  in  October  1 984  to  perform  the  SBC  RI  under  contract  No. 
50341-1202503.  The  Project  Manager  at  MultiTech  was  Mr.  Gordon 

Huddleston. 

MultiTech  was  assisted  in  the  SBC  RI  work  by  Stiller  and  Associates 
of  Helena  and  various  other  subcontractors.  Several  state  and 
federal  agencies  also  provided  technical  information  and  expertise, 
including  the  USEPA  bioassay  team,  the  Montana  Department  of  Fish, 
Wildlife  and  Parks,  the  Montana  Water  Quality  Bureau,  and  the  USEPA 
Montana  Field  Office. 

Information  developed  in  the  SBC  RI  will  be  used  in  the  next  phase 
the  project,  the  Feasibility  Study,  to  evaluate  options  for  site 

r emed  iat ion. 
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EXECUTIVE  SUMMARY 


r 


The  objective  of  the  Fish  Tissue  Investigation  for  the  Silver  Bow 
Creek  Remedial  Investigation  was  to  evaluate  arsenic,  cadmium, 
copper,  zinc,  polychlorinated  biphenyls  (PCB)  and  pentachlorophenol 
(PCP)  contamination  in  fish  residing  in  the  Warm  Springs  Ponds. 

Arsenic  concentrations  in  all  tissues  tested  were  below  USDA  food 
standards.  Cadmium  appears  to  be  bioaccumulating  in  the  livers  of 
the  Warm  Springs  Ponds  fish,  but  nearly  one-half  pound  per  week  of 
fish  liver  would  have  to  be  consumed  by  an  individual  before  the 
existing  human  health  standard  for  cadmium  intake  would  be  exceeded. 
Copper  appears  to  be  bioaccumulating  in  both  liver  and  muscle 
tissue,  but  concentrations  exceed  food  standards  only  in  the  liver. 
Although  zinc  also  appears  to  be  bioaccumulating,  it  was  not  found 
at  concentrations  exceeding  food  standards  in  any  tissues  tested. 

Measurable  concentrations  of  PCP  and  PCB  were  found  in  the  tissues 
tested.  To  exceed  the  USEPA  One-Day  Health  Advisory — No  Observed 
Adverse  Affect  levels,  a 22-lb  child  would  have  to  consume  91  lbs 

of  worst-case  PCP  concentration  fillet.  To  exceed  the  Ten-Day  and 
Lifetime  Health  Advisory,  the  same  child  would  have  to  consume  27 

lbs  per  day  of  the  worst-case  PCP  concentration  fillet.  None  of  the 
ten  tissues  tested  exceeded  the  FDA  tolerance  level  for  PCB  in 
Fish . 
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1.0  INTRODUCTION 
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The  objective  of  the  Silver  Bow  Creek  Remedial  Investigation  (SBC 
RI)  is  to  determine  the  extent  and  severity  of  contamination  in 
Silver  Bow  Creek  and  the  upper  Clark  Fork  River  (Map  1-1).  A 
description  of  the  major  events  that  led  to  the  contamination  of 
this  system  is  found  in  Figure  1-1.  The  major  sources  of  contaminants 
in  this  area  are  tailings  deposits  and  contaminated  ground  water 
(see  SBC  RI  Surface  Water  and  Ground  Water  Reports,  Appendices  A and 
B).  The  contaminants  being  investigated  by  the  SBC  RI  are  arsenic 
(As),  cadmium  ( Cd ) , copper  (Cu),  iron  ( Fe ) , lead  ( Pb ) , and  zinc  (Zn). 


Data  developed  by  the  SBC 
and  human  risk  from  the 
remedial  actions.  These 
Feasibility  Study,  the  ne 
Creek  site. 


RI  will  be  used  to  evaluate  environmental 
contaminants  and  to  identify  potential 
activities  will  occur  as  part  of  the 
xt  phase  of  action  for  the  Silver  Bow 


To  evaluate 
animals  cons 
phase.  For 
performed  to 
o SBC 
e SBC 
• SBC 
This  report 


risk,  the  migration  of  site  contaminants  into  crops  and 
umed  by  humans  needed  to  be  determined  during  the  RI 
the  Silver  Bow  Creek  Site,  three  investigations  were 
allow  this  evaluation: 

RI  Agricultural  Investigation. 

RI  Waterfowl  Investigation. 

RI  Fish  Tissue  Investigation. 

documents  the  findings  of  the  Fish  Tissue  Investigation. 
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FIGURE  1-1 


HISTORIC  CCNTAluNAXION  OF  SlEVEK  SO)  CREEK 


1.1  STUDY  PLAN  DEVELOPMENT  AND  OBJECTIVES 


The  consumption  of  fish  residing  in  the  contaminated  water  of  the 
Silver  Bow  Creek/Upper  Clark  Fork  River  System  is  a potential 
pathway  of  human  exposure  to  toxic  elements,  but  the  concentrations 
of  contaminants  in  the  edible  fish  tissues  must  to  be  known  for  a 
complete  Feasibility  Study  and  Risk  Assessment.  Because  no  fish  live 
in  Silver  Bow  Creek,  exposure  was  not  a concern  for  this  part  of  the 
site.  However,  the  fish  from  the  Warm  Springs  Ponds  and  the  upper 
Clark  Fork  River  may  be  eaten,  and  data  on  them  was  needed. 

Phillips  (1982),  Van  Meter  (1974),  and  Dent  (1975)  studied  metal 
concentrations  in  the  fish  of  the  Upper  Clark  Fork  River.  Their 
research  met  RI  data  regu i rements , so  additional  studies  on  this  area 
were  not  recommended.  Studies  of  fish  in  the  Warm  Springs  Ponds 
were  recommended,  however,  as  no  data  existed  on  them.  These  fish 
are  not  legally  consumed,  as  the  Warm  Springs  Ponds  are  a catch-and- 
re lease  area  by  order  of  the  Montana  Department  of  Fish,  Wildlife  and 
Parks  (MDFWP)  ; however,  their  easy  accessibility  and  large  size 
make  them  tempting  to  poachers.  Table  1-1  lists  some  metals  and 
their  potential  for  bioaccumulation.  This  table  was  used  in 
selecting  metals  of  analysis. 

The  SBC  RI  Work  Plan's  design  for  the  Fish  Tissue  Study  (MultiTech 
and  Stiller  and  Associates  1984a)  recommended  the  sampling  and 
analysis  methodology  presented  in  Table  1-2.  However,  after  con- 
sulting with  Wayne  Hadley  of  the  MDFWP  in  Deer  Lodge,  the  MDHES , 
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TABLE  1-1 

POTENTIAL  FOR  BIOACCUMULATION  OF  TOXIC 
TRACE  ELEMENTS  IN  MAMMALS , BIRDS , AND  FISH 


Element 

Potential  for 
Bioaccumulation ( a ) 

Warm  Springs  Pond 
Interest 

Antimony 

Low 

Arsenic 

Moderate 

High 

Be  ryl 1 i urn 

Low 

Boron 

Low 

C a dm i urn 

High 

High 

Chromium 

Moderate 

Moderate 

Cobalt 

Low 

Copper 

High 

High 

Lead 

High 

High 

Me  rcury 

High 

Low 

Nickel 

Moderate 

Moderate 

Se lenium 

Moderate 

Moderate 

Tin 

Moderate 

Va  nad ium 

Low 

Zinc 

NL<b) 

High 

(a) source:  EPA  1981. 

(b) tsjL  = Not  Listed. 
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WARM  SPRINGS  PONDS  FISH  TISSUES  INVESTIGATION 
AS  FOUND  IN  THE  WORK  PLAN  AND  CONSENSUS  PLAN 
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Mult iTech , and  Mr.  Hadley  came  to  a consensus  on  the  plan  of  study 
to  be  implemented.  This  plan  also  is  presented  in  Table  1-2. 

The  Work  Plan  design  proposed  a sample  size  large  enough  to  have 
statistical  confidence  in  the  data  generated.  However,  because  of 
the  small  size  of  the  population  to  be  sampled,  an  unacceptably 
high  proportion  would  be  removed.  Therefore,  the  concensus  sam- 
pling plan  was  not  designed  to  yield  statistical  significance, 
but  only  to  assess  the  general  population. 

The  original  sampling  plan  also  was  designed  to  provide  a statistical 
evaluation  of  metal  concentrations  in  the  edible  portion  of  the  fish 
residing  in  the  Warm  Springs  Ponds.  Edible  tissue  was  selected  for 
analysis  as  providing  data  for  human  risk  assessment,  which  was 
MDHES'  highest  priority.  The  consensus  plan  reduced  the  statisti- 
cal evaluation  of  metals  in  the  edible  portion,  but  added  an  analysis 
of  metals  in  liver  tissue  and  an  analysis  of  polychlorinated 
biphenyls  (PCB)  and  pentachlorophenol  (PCP)  in  the  edible  portion 
and  reproductive  tissues.  The  liver  tissue  was  included  to  provide 
data  on  the  extent  of  contaminant  migration  into  the  fish  (liver 
tissue  is  known  to  accumulate  metals). 


iron  was  not  recommended  in  the  original  work  plan  as  it  is  a major 
constituent  in  vertebrate  blood  and  is  differentially  distributed 
in  tissues.  Lead  was  dropped  from  the  work  plan  analysis  list  as 
it  was  not  found  in  significant  amounts  in  the  water  analyses. 
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Additionally,  the  consensus  plan  included  an  analysis  of  PCB  a 
PCP  in  fish  tissue.  These  organic  parameters  were  included  becau 
Silver  Bow  Creek  was  known  to  receive  wastes  containing  PCP  a 
potentially  had  received  PCB  from  within  the  drainage  area.  Muse 
tissue  was  selected  for  PCB  and  PCP  analysis,  as  this  is  the  tiss 
most  often  consumed  by  people.  Reproductive  tissue  was  select 
for  PCB  and  PCP  analysis,  as  these  tissues  are  high  in  fats  (whi 
are  known  to  accumulate  organic  pollutants). 


nd 
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nd 
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The  final  objectives  of  the  SBC  RI  Fish  Tissue  Investigation  were 
as  follows: 

® Assess  metal  contamination  in  the  edible  portion  and  livers 
of  fish  residing  in  the  Warm  Springs  Ponds. 


• Assess  PCB  and  PCP  contamination  in  the  edible  portion  and 
reproductive  tissue  of  fish  residing  in  the  Warm  Springs 
Ponds  . 


1.2  HISTORICAL  DATA 

The  fisheries  resource  of  the  Silver  Bow  Creek/Upper  Clark  Fork 
River  system  ranges  from  non-existent  to  fairly  good. 

Based  on  a review  of  available  literature  and  site  observations. 
Silver  Bow  Creek  from  Butte  to  Warm  Springs  appears  to  have  no 
viable  fishery.  The  Warm  Springs  Ponds  and  the  upper  Clark  Fork 
River  both  have  adeguate  fisheries,  mostly  brown  trout  ( Salmo 
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trutta  ) (Hadley  1 984).  Fish  in  the  Warm  Springs  Ponds  are  found  in 


The  Wildlife  Ponds  (Island  Pond  and  Hog  Pond),  the  drains  from  these 
ponds,  the  decant  tower  drain,  and  probably  Pond  No.  2 (Hadley 
1986).  The  upper  Clark  Fork  River  from  the  Warm  Springs  Ponds  to 
Bearmouth  (west  of  Drummond)  is  classified  as  a high-priority 
fishery  resource  ( MDFWP  1980). 


The  tributaries  of  Silver  Bow  Creek  proper  have  not  been  system- 
atically inventoried  for  their  fisheries  (MDFWP  1980;  Holton  1983; 
Munther  1983;  and  Walsh  1983).  However,  Basin  Creek  is  known  to 
have  at  least  a marginal  fishery  of  brook  trout  (Salvelinus  fontina- 
lis ) (Konizeski  1978),  and  Blacktail  Creek  probably  contains  some 
brook  trout  as  well.  Tributaries  to  Silver  Bow  Creek  in  the  upper 
Deer  Lodge  valley  — German  Gulch,  Willow  Creek,  and  Mill  Creek  -- 
have  good  fisheries  resources  (MDFWP  1980). 


In  spite  of  its  high  priority  classification,  the  upper  Clark  Fork 
River  appears  to  have  some  problems  due  to  contamination  of  the 
aquatic  system.  Phillips  (1983)  indicated  that  copper  concentra- 
tions in  winter  and  spring  may  be  limiting  fish  productivity  by 
depressing  reproduction  and  affecting  larval  survival  of  trout. 
Hadley  (1984)  indicated  that  fish  populations  are  high  just  below 
major  "clean"  tributaries. 

Past  studies  on  the  fisheries  of  the  Silver  Bow  Creek/Upper  Clark 
River  System  have  included  bioassay  studies  on  the  discharge  from 
the  Warm  Springs  Ponds  and  fish  tissue  studies  on  the  upper  Clark 
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Fork  River  ( EG&G  1979;  EG&G  1978;  Phillips  1982;  Dent  1975;  Van 
Meter  1974). 

The  fisheries  in  the  upper  Clark  Fork  Fiver  were  investigated  for 
metals  residues  in  muscle  tissue  by  Phillips  ( 1982)  , Van  Meter  ( 1974  ) , 
and  Dent  (1  975).  They  found  that  none  of  the  fish  muscle  tissue 
tested  had  metal  residues  high  enough  to  constitute  a hazard  to 
human  health,  as  compared  to  the  U.S.  Department  of  Agriculture 
action  levels  in  beef,  swine,  or  poultry.  Conclusions  of  Phillip's 
(1982)  study  were  as  follows:  (1)  mercury  concentrations  appeared 
to  be  higher  in  downstream  samples  than  in  samples  from  near  the 
Warm  Springs  Ponds;  (2)  poor  reproducibility  of  duplicate  analyses 
for  copper,  cadmium,  and  lead  indicate  a problem  with  sample  matrix; 
and  (3)  if  the  intent  of  a study  is  to  document  metal  exposure  of  a 
fish,  then  the  best  tissues  to  analyze  would  be  the  liver  and  gill. 
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2.0  METHODS 


DRAFT 


2.1  LOCATION  OF  SAMPLING  SITES 

Samples  were  collected  from  the  wildlife  ponds  located  within  the 
Warm  Springs  Ponds  System.  Map  1-1  shows  the  location  of  the  Warm 
Springs  Ponds  within  the  Silver  Bow  Creek  Site,  and  Map  2-1  shows 
the  Warm  Springs  Ponds  area  in  more  detail.  Table  2-1  lists  the 
sampling  sites  for  each  sample  taken. 

2.2  SAMPLE  COLLECTION 


Fish  were  taken  by  personnel  of  the  Montana  Department  of  Fish, 
Wildlife,  and  Parks  ( MDFWP ) using  a gill  net.  After  collection, 
the  samples  were  put  in  large  plastic  bags,  labeled,  and  placed  in 
a freezer  at  the  facilities  of  the  Warm  Springs  Wildlife  Management 
Area.  Sampling  dates,  weight,  and  sex  are  presented  in  Table  2-1. 
MultiTech  laboratory  personnel  transported  the  samples  from  the 
Warm  Springs  Wildlife  Management  Area  to  Butte.  The  samples  were 
logged  in,  assigned  sample  numbers,  and  placed  into  laboratory 
freezers  in  the  sample  bank  area. 
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2.3  SAMPLE  PREPARATION 


2.3.1  Sample  Preparation  For  Metals  Analysis 


Samples  initially  were  prepared  according  to  the  following  protocol: 

(1)  Remove  fish  from  the  laboratory  freezer  and  partially  thaw 
at  room  temperature  in  their  plastic  wrappings. 

(2)  Unwrap  carcass  and  weigh  to  the  nearest  gram. 


(3)  Clean  labware  - for  each  fish,  before  dissection: 

(a)  rinse  plastic  wash  basin  with  tap  water,  wash  with 
10%  nitric  acid,  and  rinse  with  de-ionized  water. 

(b)  Wash  Teflon®  coated  instruments  with  Liguinox®, 
rinse  with  tap  water,  followed  by  10%  nitric  acid, 
and  finally  by  de-ionized  water. 

(c)  Wash  metal  instruments  not  coated  with  Teflon® 
with  Liquinox®  and  rinse  with  de-ionized  water. 
Do  not  use  nitric  acid  on  uncoated  metal  instru- 
ments. 


( 4 ) Place 

fish  in  plastic  wash 

basin 

and 

remove 

a square 

f illet 

of  muscle  and  skin. 

Open 

the 

body 

cavity  of 

each  fish  with  a mid-ventral  cut  using  surgical  scissors. 
Remove  the  liver  and  reproductive  tissue  (eggs  or  testes); 
place  each  tissue  in  a labeled  plastic  Whirlpak®  and  store 
in  laboratory  freezer. 


(5)  Save  remaining  carcass  and  place  in  laboratory  freezer. 
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Dissected  tissues  were  digested  prior  to  metals  analysis  according 
to  the  following  protocol: 


(1) 


Remove  tissue  sample  (muscle, 
thaw  partially,  cut  in  half, 
(wet  weight)  from  the  inside 
to  the  nearest  0.01  gm . P! 


liver,  etc.)  from  the  freezer. 


and 

remove 

approximate 

ly  4 

gm 

of 

one  of 

the  halves. 

We 

igh 

ace 

in  an 

Er lenmeyer 

f la 

sk  . 

(2)  Add  2 ml  of  concentrated  H2SO4  and  3 ml  of  concentrated 
HNO3  to  the  flask  and  heat  (but  do  not  boil)  until  HNO3  is 
evaporated  (as  indicated  by  the  presence  of  dense,  white 
SO 3 vapor ) . 


(3)  Remove  flask  from  the  heat  and  wash  the  sides  with 
deionized  water.  Add  3 ml  concentrated  HNO3  and  1 ml  30% 
H2O2  and  reheat  the  flask  (no  boiling). 


(4)  While  being  heated,  add  3 ml  concentrated  HNO3  and  1 ml 
30%  H2O2  five  times. 


(5) 


Heat  until  nitric  acid  is  removed,  cool,  and  bring  to  50 
ml  in  a volumetric  flask  with  deionized  water. 


The  protocol  used  deviated  from  the  sample-preparation  protocol 
found  in  the  SBC  RI  Work  Plan  in  three  aspects: 
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Di ssect ion 


• Dissection  occurred  after  freezing  and  partial  thawinq  of 
the  whole  fish,  rather  than  on  the  day  of  collection; 

• Dissection  tools  were  not  washed  between  tissues; 

• Samples  were  not  homogenized  prior  to  digestion,  but  the 
whole  section  was  placed  in  the  acid  solution. 

The  first  deviation  has  no  effect  on  data  validity,  as  the  metals 
of  interest  in  the  tissues  are  not  transportable  while  the  tissues 
are  frozen.  Not  washing  the  tools  during  dissection  on  a single 
fish  has  no  effect  on  data  validity,  as  the  only  contaminant  between 
tissues  was  the  blood  of  the  individual  fish,  which  is  homogeneous 
in  nature  and  occur  in  large  quantities  within  each  tissue.  Homo- 
genization of  tissues  was  specified  to  facilitate  digestion;  exper- 
ience showed  that  the  samples  could  be  digested  without  this  step, 
and  eliminating  this  step  removed  a potential  point  of  contamination. 


2.3.2  Sample  Preparation  For  PCP  and  PCB  Analysis 

Dissection  for  the  pentachlorophenols  (PCP)  and  polychlorinated 
biphenyls  (PCB)  tissue  analysis  was  performed  in  the  same  way  as 
for  the  metals  samples.  Tissue  samples  for  organics  were  stored 
and  shipped  in  metal  foil.  PCP  sample  extraction  was  performed  as 
described  in  Characterization  of  Hazardous  Waste  Sites,  a Methods 
Manual,  Volume  3 - Available  Laboratory  Analytical  Methods : "Analy- 
sis of  Biological  Tissue  Samples  for  Acid  Extractable  Organic 
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PCB 


Compounds  by  Methylene  Chloride  Extraction"  (USEPA  1984). 
sample  extraction  was  performed  as  described  in  the  same  manual/ 
"Analysis  of  Biological  Tissues  for  Pesticides/Polychlorinated  Bi- 
phenyls" (USEPA  1984  ) . 

2.4  SAMPLE  ANALYSIS 

2.4.1  Sample  Analysis  for  Metals 

The  digestion  solutions  resultinq  from  sample  preparation  were 
analyzed  for  arsenic  (As)  and  cadmium  ( Cd ) by  flameless  atomic 
absorption  technique.  Arsenic  was  analyzed  using  a hydride— vapor 
generation  technique  as  described  by  USEPA  Method  206.3  (USEPA 
1983).  Cadmium  was  analyzed  by  furnace  using  EPA  Method  213.2 
(USEPA  1983).  Copper  and  zinc  were  analyzed  by  ICAPES  as  described 
by  USEPA  Method  200.7  (USEPA  1983). 

2.4.2  Sample  Analysis  for  PCP  and  PCB 

The  extraction  solution  was  analyzed  for  PCP  by  EPA  Method  604 
(USEPA  1982)  and  PCB  by  EPA  Method  608  (USEPA  1982). 
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3.0  DATA  ANALYSIS  AND  INTERPRETATION 


DRAFT 


3.1  METALS  DATA 


Four  male  and  one  female  rainbow  trout  ( Salmo  gairdneri  ) were 
analyzed  for  arsenic  (As),  cadmium  (Cd),  copper  (Cu),  and  zinc  (Zn) 
in  muscle  fillets  and  liver  tissues.  All  five  fish  were  collected 
from  the  Warm  Springs  Ponds.  Table  2-1  lists  the  location  of 
collection  and  weight  of  each  fish.  Table  3-1  lists  the  means, 
standard  errors,  and  ranges  of  concentrations  found  in  the  tissues 
analyzed.  Analysis  data  for  each  fish  are  presented  in  Attachment 
I,  Tables  1-1,  1-2,  1-3,  and  1-4  for  arsenic,  cadmium,  copper,  and 
zinc,  respectively.  These  tables  also  present  accompanying  guality 
assurance  and  guality  control  data. 


3.1.1  Quality  Assurance  and  Quality  Control  Considerations 


The  Silver  Bow  Creek 
Assurance  and  Quality 
and  Associates  1984b) 
Stiller  and  Associates 
previously  noted  in 


Remedial  Investigation  (SBC  RI)  Quality 
(QA/QC)  Control  Plan  (MultiTech  and  Stiller 
and  the  SBC  RI  Work  Plan  (MultiTech  and 
1984a)  were  followed  for  the  study  except  as 
Section  2.0  regarding  sample  preparation. 


The  QA/QC  Plan  reguires  the  following:  (1)  ana 

checks,  replicates,  and  spikes  to  be  performed 
10%  and  to  be  within  specified  control  limits; 
bank)  solution  standards,  digestion  standards, 


lysts1  calibration 
at  a freguency  of 
(2)  blind  (sample 
digestion  spikes. 
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MEANS,  STANDARD  ERRORS,  AND  RANGES  OF  ARSENIC,  CADMIUM,  COPPER  AND  ZINC 
IN  WARM  SPRINGS  PONDS  FISH  TISSUES  COMPARED  TO  STANDARDS  FOR  THESE  METALS  IN  FOOD 
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and  digestate  splits  at  a frequency  of  one  in  forty;  and  (3)  blind 
(sample  bank)  digestion  blanks  and  tissue  splits  at  a frequency  of 
one  in  twenty. 

Method  Detection  Limits  (MDL  = three  times  the  standard  deviation 
of  replicate  determinations  of  a calibration  blank)  were  experiment- 
ally determined  for  each  batch  of  analyses  and  are  reported  as 
determined,  including  corrections  for  variations  in  sample  weight 
and  final  digestate  volume.  Samples  for  which  relatively  little 
tissue  was  available  showed  a concomitantly  larger  MDL.  Analysts' 
replicates,  calibration  checks,  and  spikes  indicate  the  accuracy 
and  precision  of  post-digestion  steps  in  the  analysis.  Sample  bank 
standards,  spikes,  blanks,  and  duplicates  indicate  the  cumulative 
accuracy  and  precision  of  the  post-digestion  steps  and  all  other 
steps  included  in  the  preparation  of  the  particular  sample  bank 
sample . 

Review  of  these  data  shows  that  the  precision  and  accuracy  of  the 
analysis  at  the  instrument  was  good,  with  the  duplicate  sample  a- 
g reement/repl icate  sample  agreement  ( DSA%/RSA% ) , known  sample  agree- 
ment (KSA%),  and  spike  sample  recovery  (SSR%)  values  well  within 
the  limits  set  by  the  SBC  RI  QA/QC  plan.  The  QA/QC  data  indicate 
that  values  reported  are  sufficiently  accurate  and  precise  for 
comparison  to  food  standards.  DSA% , RSA% , KSA%,  and  SSR%  formulae 
are  presented  in  Table  1-1. 
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Each  metal's  unique  QA/QC  factors  are  discussed  in  the  following 
subsections . 

3. 1.1.1  Arsenic  QA/QC 

Sample  bank  sample  Q965  (EPA  metals  in  fish  tissue)  showed  a KSA% 
for  arsenic  of  5%,  indicating  incomplete  recovery.  However,  sample 
bank  sample  Q966  (NBS  metals  in  bovine  liver)  showed  a KSA%  of  163%. 
Because  these  two  samples  had  conflicting  data,  all  samples  were 
redigested  and  re-analyzed  for  arsenic.  Tissue  for  the  second 
digestions  were  taken  from  fillets  that  were  dissected  with  the 
original  analytical  samples  and  stored  in  the  freezer;  the  second 
set  was  digested  in  the  same  manner  as  the  first  set.  New  Q-samples 
also  were  prepared.  Both  sets  of  data  are  presented  in  Table  1-1. 
As  shown  in  this  table,  Q966  had  a high  KSA%  on  the  second  diges- 
tion and  analyses,  indicating  a continuing  problem  with  that  parti- 
cular sample  matrix.  However,  Q965  showed  a KSA%  of  101,  indicating 
good  arsenic  recovery. 

DSA% s were  calculated  for  the  samples  between  the  two  runs  (see 
Attachment  Table  1-1).  For  those  samples  which  were  greater  than 
the  MDL,  the  DSA%  ranged  from  76%  to  150%.  Within  the  same  run  the 
DS  A % ranged  from  74%  to  100%.  These  DSA%  reflect  the  precision  of 
the  method  of  analysis  and  the  heteorogeneity  of  the  tissues 
analyzed . 
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Analyst-level  QA/QC  data  easily  came  within  the  required  ranges, 
indicating  that  the  major  factors  affecting  the  method's  precision 
and  accuracy  were  digestion  related. 

3. 1.1. 2 Cadmium  QA/QC 

Sample  bank  samples  Q965  ( USEPA  me tals  in  fish),  Q966  (NBS  metals  in 
bovine  liver),  and  Q967  (USEPA  metals  in  water)  in  the  first  digestion 
and  analysis  for  cadmium  showed  conflicting  data  regarding  cadmium 
recovery  (see  Attachment  Table  1-2).  Due  to  the  conflicting  data, 
cadmium  was  re-analyzed  with  arsenic  in  the  second  digestion.  These 
data  also  are  presented  in  Attachment  Table  1-2.  As  seen  in  this 
table,  the  second  digestion  and  analysis  showed  improved  KSA%s  for 
the  sample  bank  standards. 

DSA% s between  the  first  run  and  second  run  for  samples  greater  than 
the  detection  limit  ranged  from  48%  to  180%.  Within  a run,  the 
sample  bank  duplicate  DSA%  ranged  from  91%  to  175%  for  run  one  and 
was  100%  for  run  two.  These  DSA%s  reflect  the  precision  of  the 
digestion  and  analysis  and  the  heterogeneity  of  the  tissues  sampled. 

Analyst  replicate,  spike,  and  standard  data  indicate  the  major 
factors  affecting  the  precision  and  accuracy  of  the  measurement  of 
cadmium  in  fish  tissue  were  digestion  related. 
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3. 1.1. 3 Copper  QA/QC 


No  conflicting  QA/OC  data  were  found  for  the  analysis  of  copper 
from  the  first  digestion,  so  copper  was  not  re-analyzed  in  the 
second  digestion  (see  Attachment  Table  1-3).  Sample  bank  KSA%s 
ranged  from  92%  to  105%,  sample  bank  DSA%s  ranged  from  92%  to  146%, 
and  the  sample  bank  spike  recovery  was  100%.  Analyst  QA/OC  data 
were  all  within  the  reguired  range. 

3 . 1 . 1 . 4 Zinc  QA/QC 

No  conflicting  QA/QC  data  were  found  for  the  analysis  of  zinc  from 
the  first  digestion,  so  zinc  was  not  re-analyzed  in  the  second 
digestion  (see  Attachment  Table  (1-4).  Sample  bank  KSA%s  ranged 
from  95%  to  109%,  sample  bank  DSA%s  ranged  from  100%  to  104%,  and 
the  sample  bank  spike  recovery  was  112%.  Analyst  QA/QC  data  were 
all  within  the  reguired  range. 

3.1.2  Arsenic 

Attachment  Table  1-1  shows  that  arsenic  was  detected  in  three  of 
five  muscle  samples  and  one  of  five  liver  samples  in  the  first 
analysis  run  when  the  method  detection  limit  was  0.055  pg/g.  In 
the  second  analysis  run,  when  the  method  detection  limit  was  0.144 
or  0.143  pg/g,  only  one  of  five  muscles  showed  detectable  levels  of 
arsenic  and  two  of  four  livers  showed  detectable  levels  of  arsenic. 
(Only  four  liver  samples  had  enough  sample  left  for  redigestion.) 
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The  means,  standard  errors,  and  ranges  for  arsenic  in  Warm  Springs 
Ponds  fish  tissues  are  compared  to  USDA  swine  and  poultry  standards 
for  arsenic  in  Table  3-1.  These  standards  are  shown  for  comparison 
only.  The  USDA  does  not  regulate  arsenic  in  fish  (Spaulding  1986) 
and  neither  does  the  U.S.  Food  and  Drug  Administration  (Campbell 
1986).  Both  analyses  runs  of  arsenic  show  that  T051  had  the  high- 
est levels  of  arsenic  found  in  muscle  tissue,  0.235  and  0.146  yg/g 
for  runs  one  and  two,  respectively.  Both  of  these  values  are  below 
the  USDA's  lowest  standard  for  arsenic  in  swine  and  poultry  of 
0.50  yg/g  (USDA  No  Date).  T05 1 also  had  the  highest  values  for 
arsenic  in  liver  tissue,  with  reported  concentrations  of  0.390  and 
0.4  55  yg/q  for  runs  one  and  two,  respectively.  These  values  are 
lower  than  the  USDA  standard  of  2.00  yg/g,  for  livers  of  swine  and 
poultry  (USDA  No  Date). 


Attachment  II  shows  examples  from  the  literature  for  metals  and 
organics  concentrations  in  fish  tissue.  Lowe,  et_  al_.  ( 1985  ) 
analyzed  fish  muscle  tissue  from  various  regions  of  the  United 
States  in  1978-1979  and  again  in  1980-1981  . Their  data  are  pre- 
sented in  Attachment  Table  II-5.  Average  (geometric  mean)  concen- 
trations of  arsenic  measured  by  Lowe,  e_t  a]^.  ( 1985)  were  0.16  and 
0.14  yg/q  for  1978-1979  and  1980-1981,  respectively.  The  Warm 
Springs  Ponds  geometric  means  of  arsenic  concentration  in  fillets  of 
0.08  and  0.14  yg/g  (for  runs  one  and  two,  respectively)  are  close 
to  these  natural  values,  indicating  arsenic  in  Warm  Springs  Ponds 
fish  fillets  probably  are  not  elevated  above  natural  levels. 


3-7 


Attachment  Table  1 1- 1 gives  other  examples  of  arsenic  concentrations 
in  fish  tissue  for  comparison.  These  data  also  show  values  for 
concentrations  of  arsenic  in  muscle  tissue  similar  to  those  found 
in  Warm  Springs  Ponds  fish  fillets. 

Attachment  III  contains  historic  data  for  metals  and  organics  con- 
centrations in  Clark  Fork  River  fish.  Table  III-l  shows  metals 
data  reported  by  Neher  and  Weisel  (1977)  for  a single  brown  trout 
fillet  collected  from  Warm  Springs  Pond  No.  3.  A concentration  of 
0.51  pg/g  wet  weight  was  reported  for  arsenic  in  this  one  sample. 
This  concentration  is  higher  than  any  value  found  in  the  SBC  RI 
study  and  is  above  the  0.5  pg/g  standard  for  arsenic  in  swine 
(USDA  No  Date)  . 

Phillips  (1982)  studied  metal  concentrations  in  the  fillets  of 
brown  trout  ( Salmo  tru tta  ) in  the  Clark  Fork  River  below  the  Warm 
Springs  Ponds.  His  data  are  summarized  in  Attachment  Table  III-4. 
Phillips  found  that  arsenic  concentrations  ranged  from  0.01  pg/g  to 
0.83  pg/g,  with  averages  for  Age  Class  I,  Age  Class  II,  Age  Class 
III,  and  Age  Class  IV  ranging  from  0.10-0.16  pg/g,  0.08-0.15  pg/g, 
0.05-0.28  pq/g,  and  Not  De tectable-0 . 1 8 pg/g,  respectively,  for 
three  different  reaches  of  the  river.  Fish  from  the  Warm  Springs 
Ponds  tested  for  this  study  did  not  show  arsenic  concentrations  in 
their  muscle  that  appeared  to  be  higher  than  those  reported  by 
Phillips  ( 1982  ) . 
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Attachment  Table  III-5  gives  the  concentrations  of  arsenic  measured 
in  the  discharge  from  the  wildlife  ponds.  Attachment  Figure  III-l 
graphs  this  information.  These  data  are  indicative  of  the  concen- 
trations of  arsenic  to  which  the  fish  measured  for  arsenic  were 
exposed  prior  to  their  collection.  Only  T051  was  collected  in 
water  not  represented  by  this  water  quality  data. 


Excluding  T051  data  (both  fillet  and  liver),  the  fish  tested  for 
arsenic  concentrations  are  not  significantly  accumulating  arsenic 
above  exposure  concentrations.  Water  quality  data  for  arsenic 
for  the  water  to  which  T051  was  exposed  is  reported  in  Attachment 
Table  III-6.  This  individual  fish  appears  to  be  concentrating 
arsenic  approximately  ten  times  over  the  ambient  water  concentra- 
tions. Since  this  was  the  only  female  tested,  sex  may  be  a contri- 
buting factor,  but  these  small  sample  sizes  are  insufficient  to 
evaluate  concentration  differences  due  to  sex.  Spehar,  eit  al . 
(1980)  found  that  rainbow  trout  ( Salmo  gairdneri ) exhibited  an 
arsenic  bioconcentration  factor  of  zero  when  exposed  to  arsenic 
trioxide,  and  the  USEPA  (1978)  found  that  bluegills  ( Lepomis 
macrochirus  ) exhibited  an  arsenic  bioconcentration  factor  of  four 
when  exposed  to  arsenic  trioxide. 


Arsenic  does  not  appear  to  be  differentially  distributed  between 
the  two  tissues  tested.  Muscle  concentrations  and  liver  concentra- 
tions in  the  first  analysis  run  ranged  from  <0.055-0.235  yg/g  and 
<0.055-0.390  yg/g,  respectively  and  ranged  from  <0.143-0.146  yg/g 
and  <0.144-0.455  yg/g,  respectively  for  the  second  analysis  run. 
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Arsenic  and  cadmium  concentrations  were  in  the  same  range,  but 
copper  and  zinc  concentrations  in  both  muscle  tissue  and  liver 
tissue  were  100  to  1000  times  greater  than  arsenic  concentrations. 

3.1.3  Cadm i urn 

Cadmium  was  detected  in  all  five  muscle  and  all  five  liver  tissues 
tested  in  digestion  and  analysis  run  one  (Attachment  Table  1-2). 
The  lowest  detected  value  in  run  one  was  0.010  yg/g.  In  digestion 
and  analysis  run  two  only  one  muscle  showed  detectable  levels  of 
cadmium  and  four  of  five  liver  tissues  showed  detectable  levels 
(the  MDL  for  run  two  was  0.083  yg/g). 

The  means,  standard  errors,  and  ranges  for  cadmium  in  Warm  Springs 
Ponds  fish  tissues  are  compared  to  food  standards  for  cadmium  in 
Table  3-1.  The  FAO/WHO  standard  for  cadmium  is  400-500  yg/week 
(FAO/WHO  1972).  For  the  worst-case  muscle  tissue  (0.174  yg/g)  found, 
287a  per  week  (6.33  lbs/week)  would  have  to  be  consumed  to  reach 
500  yg/week  of  cadmium.  For  the  worst-case  liver  tissue,  199g  per 
week  (0.44  lbs/week)  would  have  to  be  consumed  to  reach  500  yg/ 
week  of  cadmium.  The  Food  and  Drug  Administration  does  not  regu- 
late cadmium  concentrations  in  fish  (Campbell  1986)  and  the  USDA 
does  not  regulate  cadmium  in  other  meat  such  as  cattle,  swine,  or 
poultry  (Spaulding  1986). 
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Lowe,  ot  al_.  ( 1985)  measured  background  concentrations  of  cadmium 
in  fish  muscle  tissue  in  the  United  States  (Attachment  Table  II-5) 
and  reported  geometric  means  of  0.04  and  0.03  yg/g  wet  weight  for 
1978-1979  and  1980-1981,  respectively.  Ranges  reported  by  Lowe,  et_ 
aJL.  (1985)  for  cadmium  concentrations  were  0.01-0.41  and  0.01- 
0.35  yg/g,  respectively.  Data  for  cadmium  concentrations  in  fillet 
tissue  of  Warm  Springs  Ponds  fish  are  in  the  same  range  as  these, 
indicating  cadmium  is  not  concentrating  in  the  muscle  tissue  of  the 
Warm  Springs  Ponds  fish  above  natural  levels. 

Dent  (1977)  reported  the  mean  cadmium  concentration  in  the  muscle 
tissue  of  10  brown  trout  ( Salmo  trutta  ) taken  from  Pock  Creek,  a 
relatively  pristine  tributary  to  the  Upper  Clark  Fork  River,  to  be 
0.040  yg/g  wet  weight.  The  means  for  cadmium  concentrations  in 
Warm  Springs  Ponds  fish  fillets  were  0.033  and  0.101  yg/g,  for  runs 
one  and  two  respectively.  These  data  also  suggest  that  Warm 
Springs  Ponds  fish  are  not  concentrating  cadmium  in  their  fillets 
above  naturally  occurring  levels. 

Attachment  Tables  III-l,  III-2,  and  III-3  present  additional  data 
on  cadmium  concentrations  in  fish  of  the  Clark  Fork  drainage  and 
the  Warm  Springs  Ponds.  Dent  (1977)  reported  a cadmium  concentra- 
tion of  <0.05  yg/g  wet  weight  in  the  muscle  of  a single  brown 
trout  collected  from  Warm  Springs  Pond  No.  3 in  1976  (Table  III-l), 
which  is  in  the  same  range  as  measured  in  this  study. 
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Van  Meter  (1974)  reported  mean  muscle  and  liver  cadmium  concentra- 


tions of  0.19  and  0.69  ug/g  wet  weight,  respectively,  for  trout 
( Salmo  spp.)  from  the  Clark  Fork  drainage.  Van  Meter  (1974)  also 
reported  mean  cadmium  concentrations  in  trout  liver  from  selected 
portions  of  the  Clark  Fork  drainage.  For  that  portion  of  the  river 
just  below  the  Warm  Springs  Ponds,  he  reported  mean  liver  concentra- 
tions of  cadmium  of  1.1  ug/g  wet  weight.  Van  Meter  ( 1974)  also 
reported  a mean  cadmium  concentration  in  the  livers  of  Rock  Creek 
trout  of  1.9  ug/g  wet  weight.  His  drainage-wide  means  are  in  the 
same  range  as  the  means  generated  by  this  study.  Of  special  inter- 
est is  the  cadmium  concentration  in  the  livers  of  Rock  Creek  trout, 
which  was  higher  than  either  of  the  means  generated  by  this  study 
for  Warm  Springs  Ponds  trout.  Since  Rock  Creek  is  a relatively 
pristine  aquatic  system,  these  data  suggest  Warm  Springs  Ponds 
trout  are  not  accumulating  greater  amounts  of  cadmium  in  their 
livers  than  are  fish  in  less  impacted  drainages. 


Additional  literature  data  on  cadmium  concentrations  in  fish  tissue 
are  presented  in  Attachment  Table  II-2.  Kneip  and  Hazen  (1979) 
studied  cadmium  in  the  biota  of  Foundry  Cove,  New  York,  an  area 
impacted  by  cadmium  contamination.  They  found  mean  concentrations 
of  cadmium  fish  edible  portions  from  their  study  area  to  be  0.15  ug/g, 
not  much  greater  than  natural  levels.  They  also  found  that  mean 
cadmium  concentrations  in  liver  tissues  were  much  higher  than  mean 
edible  portion  concentrations  (7.2  ug/g  vs.  0.15  yg/g).  Warm  Springs 
Ponds  fish  showed  this  same  pattern,  but  not  as  strongly  (1.58  vs. 
0.033  ug/g  in  run  one  and  0.788  vs.  0.101  ug/g  in  run  two).  These 
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data  suggest  Warm  Springs  Ponds  fish  are  concentrating  cadmium 
differentially  in  fillet  and  liver  tissues. 

Phillips  (1982)  measured  cadmium  concentrations  in  the  muscle  tissue 
of  brown  trout  ( Salmo  t rut ta ) from  the  Clark  Fork  River  below  the 
Warm  Springs  Ponds.  Age  Classes  I,  II,  III,  and  IV  had  mean  cad- 
mium concentrations  of  0.05-0.43,  0.07-0.56,  0.09-1.20,  and  0.22- 
0.83  yg/g,  respectively  for  three  sections  of  the  river.  The  two 
means  calculated  for  cadmium  in  Warm  Springs  Ponds  fish  fillets  are 
within  these  ranges,  indicating  that  fish  from  the  ponds  are  not 
carrying  heavier  cadmium  loads  in  their  muscle  tissue  than  fish 
from  the  river  below  the  ponds.  Phillips  (1982)  did  not  analyze 
liver  tissue,  so  those  tissue  concentrations  cannot  be  compared. 

Attachment  Table  III-5  gives  the  concentrations  of  cadmium  measured 
in  the  discharge  from  the  wildlife  ponds.  Attachment  Figure  III-2 
graphs  this  information.  As  seen  in  these  data,  cadmium  was 
consistently  below  detection  limits  in  the  water  of  the  wildlife 
ponds  discharge  (MDLs  ranged  from  <0 . 00025-<0 . 0015  mg/L) . These 
values  are  considerably  lower  than  the  values  measured  in  the  fish 
tissue,  indicating  that  even  if  the  tissue  concentrations  of  cadmium 
in  Warm  Springs  Ponds  fish  are  not  above  tissue  concentrations 
exhibited  by  fish  living  in  pristine  waters  (Rock  Creek  - Dent 
1977),  the  fish  are  concentrating  cadmium  from  ambient  exposure. 
As  shown  in  Attachment  Table  II-8,  this  is  common  with  experimentally 
derived  concentration  factors  for  cadmium,  ranging  from  3-540  for 
salmonids  (USEPA  1980) . 


3-13 


Cadmium  and  arsenic  showed  similar  concentration  ranges  in  both 
fillet  and  liver  tissue  in  fish  from  the  Warm  Springs  Ponds.  Copper 
and  zinc  showed  concentrations  in  fillet  and  liver  tissues  100  to 
1000  times  greater  than  cadmium  concentrations. 

3.1.4  Copper 

Copper  was  detected  in  nine  of  ten  issues  analyzed  (Attachment 
Table  1-3).  Means,  standard  errors,  and  ranges  of  copper  concen- 
trations in  the  fillets  and  livers  of  the  five  fish  tested  are 
presented  in  Table  3-1,  along  with  standards  for  copper  in  food. 
The  five  fillets  tested  showed  a concentration  range  of  <0.325  to 
0.8  38  pg/g,  considerably  less  than  the  100  pg/g  standard  set  by 
the  Canadian  Food  and  Drug  Directorate  (Phillips  1982).  The  five 
liver  tissues  showed  a range  of  copper  concentrations  of  104- 
738  pg/g,  considerably  higher  than  the  standard.  The  USDA  does  not 
regulate  copper  in  cattle,  swine,  or  poultry  (Spaulding  1986)  and 
the  FDA  does  not  regulate  copper  in  fish  (Campbell  1986). 

Table  1 1- 5 shows  the  data  of  Lowe,  et_  a_l.  ( 1985)  who  studied  metals 
concentrations  in  fish  in  the  United  States.  He  found  that  mean 
background  levels  of  copper  in  fish  muscle  was  0.86  and  0.68  pg/g 
for  1978-1979  and  1980-1981,  respectively.  These  data  indicate 
that  concentrations  of  copper  in  Warm  Springs  Ponds  fish  fillets 
are  probably  not  above  natural  concentrations  of  copper  in  fish 
fillets.  Table  II-3  presents  some  data  for  copper  in  fish  tissues 
from  the  literature.  Using  an  estimated  dry  weight  to  wet  weight 
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conversion  factor  of  0.20  (Phillips  1982)  to  change  some 


of  the 


literature  data  yields  values  for  copper  concentrations  in  fish 
muscle  similar  to  those  reported  in  this  study.  These  data  support 
the  preliminary  conclusion  that  copper  concentrations  in  fillets 
from  the  Warm  Springs  Ponds  are  not  elevated  above  naturally  occur- 
ring concentrations. 

Dent  (1977)  and  Van  Meter  (1974)  reported  mean  copper  concentrations 
in  fish  tissues  from  Rock  Creek,  a relatively  pristine  tributary  to 
the  Clark  Fork  River.  Dent  (1977)  reported  a mean  muscle  concentra- 
tion of  copper  of  1.366  pg/g  wet  weight  and  Van  Meter  (1974)  reported 
a mean  copper  liver  concentration  of  17  pg/g  wet  weight.  These 
data  suggest  that  copper  is  not  found  above  naturally  occurring 
concentrations  in  Warm  Springs  Ponds  fish  muscle  tissue,  but  is 
found  at  higher  than  naturally  occurring  concentrations  in  liver 
tissue . 

Dent  (1977)  also  reported  a copper  concentration  of 
weight  in  the  muscle  tissue  of  a single  brown  trout 
collected  from  Warm  Springs  Pond  No.  3 in  1976.  The 
copper  concentrations  in  the  fish  collected  for  th 
found  to  be  near  this  value. 

Phillips  (1982)  reported  copper  concent ratons  in  fish  muscle  of 
the  upper  Clark  Fork  River  below  the  Warm  Springs  Ponds.  For  age 
Classes  I,  II,  III,  and  IV,  Phillips  ( 1982)  reported  mean  muscle 
copper  concentrations  of  0.15-0.25,  0.2-0.15,  0.12,  and  0.250.28  pg/g 


0.82  pg/g  wet 
( Salmo  tru t ta ) 
muscle  fillet 
is  study  were 
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wet  weight,  respectively  for  three  different  reaches  of  the  stream. 
These  values  are  slightly  lower  than  the  ranges  reported  for  copper 
in  Warm  Springs  Pond's  fish  fillets  (<0.325-0.838)  but  are  probably 
not  significantly  lower.  Phillips  (1982)  data  are  summarized  in 
Attachment  Table  III-4. 

Attachment  Table  1 1 1- 5 and  Figure  III-3  present  the  total  copper 
concentrations  in  the  water  of  the  discharge  from  the  wildlife 
ponds  from  December  5f  1984  to  August  29,  1985.  The  highest  total 
concentration  reached  during  this  period  was  0.072  mg/L.  The 
concentration  factors  for  mean  total  copper  water  concentration 
versus  mean  copper  muscle  and  liver  concentrations  are  16.4  and 
8470,  respectively,  indicating  copper  is  being  concentrated  in  Warm 
Springs  Ponds  fish  tissues.  Because  copper  is  a required  element 
in  animal  nutrition,  the  significance  of  copper  residues  has  not 
been  established,  and  few  tests  have  been  run  for  the  purpose  of 
determining  bioconcentration  factors  (USEPA  1980). 

These  data  also  indicate  that  copper  in  Warm  Springs  Ponds  fish  is 
differentially  distributed  between  the  two  tissues  tested.  Copper 
appears  to  be  found  at  much  higher  concentrations  than  arsenic  and 
cadmium  in  the  tissues  tested.  Copper  appears  to  be  lower  than 
zinc  in  muscle  tissue,  but  higher  than  zinc  in  liver  tissue. 
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3.1.5  Zinc 


Zinc  was  detected  in  all  10  fish  tissues  tested.  Zinc  concentra- 
tions in  muscle  and  liver  tissue  averaged  5.06  and  46.4  y g/g  wet 
weight,  respectively,  and  ranged  from  3.74-6.18  and  32.2-62.2, 
respectively.  All  10  tissues  tested  showed  concentrations  lower 
than  the  Canadian  Food  and  Drug  Directorate  standard  of  100  y g/g 
(Dent  1977).  The  USDA  does  not  regulate  zinc  in  cattle,  swine,  or 
poultry  (Spaulding  1986),  and  the  FDA  does  not  regulate  zinc  in  fish 
( Campbell  1986) . 

Lowe,  et_  al_.  ( 1985)  reported  background  levels  of  zinc  in  fish 
muscle  of  the  United  States  to  have  a geometric  mean  of  25.63  and 
23.82  yg/g  wet  weight  (Attachment  Table  II-5).  Warm  Springs  Ponds 
fish  fillets  had  a geometric  mean  zinc  concentration  of  4.95. 
These  data  suggest  that  fish  in  the  Warm  Springs  Ponds  are  not 
accumulating  zinc  in  their  fillets  at  higher  than  naturally  occur- 
ring concentrations.  Additional  literature  data  on  zinc  concentra- 
tions in  fish  tissue  presented  in  Attachment  Table  II-4  support 
this  conclusion. 

Van  Meter  (1974)  reported  mean  muscle  and  liver  concentrations  of 
zinc  in  trout  from  the  Clark  Fork  Drainage  (below  the  Warm  Springs 
Ponds  and  including  tributaries)  to  be  6.3  and  38  yg/g  wet  weight 
(Attachment  Table  III-2).  These  concentration  values  appear  to  be 
similar  to  the  concentration  values  found  in  Warm  Springs  Ponds 
fish.  Dent  (1977)  reported  mean  zinc  concentration  in  Rock  Creek 
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muscle  to  be  7.036  yg/g  wet  weight.  These  data  support  the  observa- 
tion that  zinc  is  not  accumulating  at  greater  than  naturally  occur- 
ring concentrations  in  Warm  Springs  Pond  fish  muscle. 

Phillips  (1982)  reported  that  mean  zinc  concentrations  in  the  muscle 
of  Age  Classes  I,  II,  III,  and  IV  brown  trout  ( Salmo  t ru  t ta ) had 
ranges  of  4.45-4.85,  3.55-4.15,  3.69-4.63,  and  3.52-3.92  ug/g  wet 
weight,  respectively,  for  three  sections  of  the  upper  Clark  Fork 
River.  Warm  Springs  Ponds  fish,  with  a mean  zinc  concentration  in 
their  fillets  of  5.06  ug/g  wet  weight,  appear  not  to  be  different 
from  the  fish  in  the  river  below  the  ponds. 

Zinc  concentrations  in  the  water  of  the  discharge  from  the  wildlife 
ponds  for  December  5,  1984  through  August  29,  1985  are  reported  in 
Attachment  Table  III-5  and  graphed  in  Attachment  Figure  III-4.  A 
peak  total  zinc  concentration  of  0.250  mg/L  occurred  on  February  13, 
1985,  but  base-flow  concentrations  appear  to  be  around  0.020  mg/L. 
Fish  in  the  Warm  Springs  Ponds  appear  to  be  significantly  concen- 
tratinq  zinc  in  both  their  muscle  and  liver  tissues.  The  most 
conservative  concentration  factors  (using  the  peak  water  concentra- 
tion and  mean  tissue  concentrations)  were  20.2  and  185.6  for  muscle 
and  liver  tissue,  respectively.  These  concentration  factors  com- 
pare to  a Zn  muscle  concentration  factor  of  25  reported  by  Renfro 
et  al.  (1975  ),  of  51  reported  by  Farmer,  et  al_.  ( 1979  ) for  whole 
bodies  of  Atlantic  salmon  ( Salmo  salar ) , and  of  4 32  reported  by 
Spehar,  et  al_.  (1978)  for  whole  bodies  of  flagfish  ( Jordanella 
f loridae ) . 
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Zinc  appears  to  be  differentially  distributed  between  the  two 
tissues  tested,  showing  greater  concentrations  in  the  livers  than 
in  the  fillets.  Zinc  appears  to  be  higher  in  concentration  in  both 
muscle  and  liver  tissue  than  arsenic  or  cadmium.  Copper  appears  to 
be  more  concentrated  in  Warm  Springs  Ponds  fish  livers  than  zinc, 
but  appears  to  be  less  concentrated  in  muscle. 

3.2  PCP  AND  PCB  DATA 

Two  male  and  three  female  rainbow  trout  ( Salmo  ga i rdner i ) were 
analyzed  for  pentachlorophenol  (PCP)  and  polychlorinated  biphenyls 
(PCB)  in  fillets  and  reproductive  tissues.  All  five  fillets  tested 
showed  detectable  levels  of  PCP  and  PCB.  All  five  reproductive 
tissues  tested  showed  detectable  concentrations  of  PCP,  and  four  of 
the  five  showed  detectable  concentrations  of  PCBs . 

3.2.1  Quality  Assurance  and  Quality  Control  Considerations 

3 . 2 . 1 . 1 PCP  QA/QC 

Attachment  Table  1-5  presents  the  analysis  data  and  QA/QC  data  for 
the  PCP  analyses  of  Warm  Springs  Ponds  fish  tissues.  The  Sample 
Bank  blank  (Q970)  indicated  no  contamination,  showing  a value  of 
PCP  <0.005  ppm.  Method  precision  was  documented  with  the  Sample 
Bank  duplicate  (Q972),  which  had  a DSA%  of  114%.  Method  accuracy 
was  measured  with  a Sample  Bank  standard  (0974)  which  had  a KSA%  of 
35%.  This  low  KSA%  indicates  low  recovery  of  PCP  in  the  Q-sample, 
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which  may  mean  low  recovery  in  the  study  samples.  If  this  is  true, 
PCP  data  presented  may  be  only  35%  of  actual  PCP  concentrations. 

3. 2. 1.2  PCB  QA/OC 


Attachment  Table  1-6  presents  the  analysis  data  and  QA/OC  data  for 
the  PCB  analysis  of  Warm  Springs  Ponds  fish  tissue.  Potential 
contamination  was  tested  with  Sample  Bank  sample  Q971,  which  showed 
<0.0004  mg/sample.  Method  precision  was  measured  with  Q973  which 
showed  a wet  weight  DSA%  of  54%  and  a lipid  based  DSA%  of  98%, 
reflecting  the  fat  affinity  of  PCBs  and  the  heterogenous  distribution 
of  fat  in  tissue.  Method  accuracy  was  measured  with  Sample  Bank 
sample  Q975,  which  showed  a KSA%  of  69%,  indicating  sample  data  may 
be  only  69%  of  actual  concentrations. 


3.2.2  PCP 


Pe nt achlorophenol  (PCP)  has  been  listed  by  the  USEPA  as  a hazardous 
waste  under  the  Resource  Conservation  and  Recovery  Act  (RCRA)  of 
1976.  PCP  was  selected  for  analysis  in  fish  tissue  for  the  SBC  RI 
as  Silver  Bow  Creek  is  known  to  receive  PCP-bearing  oil  from  an 
abandoned  post  and  pole  treatment  plant.  This  analysis  was  done  as 
part  of  the  SBC  RI.  Subseguent ly , the  post  and  pole  treatment 
plant  was  proposed  as  a separate  "CERCLA"  site. 


Table  3-2  shows  the  means,  standard  errors,  and  ranges  of  PCP  con- 
centrations in  Warm  Springs  Ponds  fish  tissues  tested.  Attachment 
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TABLE  3-2 

MEANS,  STANDARD  ERRORS  AND  RANGES  OF  PCP  IN  WARM  SPRINGS  PONDS 
FISH  FILLETS  AND  REPRODUCTIVE  TISSUES 


Mean ( a ) 

Standard  Error (a) 

Range ( a ) 

PCP  in  fillet 

0.015 

0.0029 

0 . 008-0 .024 

PCP  in  fillet- 
lipid  basis 

0.495 

0.0732 

0.301-0.728 

PCP  in  repro- 
ductive tissue(b) 

0.0308 

0.0086 

0.008-0.054 

PCP  in  repro- 
ductive tissue- 
lipid  basis^  c ) 

2.63 

1.03 

1.04-6.58 

(a)  All  values  in  ppm  wet  weight. 

( b ) Reproductive  tissue  includes  female  eggs  and  male  testes. 

(c)  ppm  pcp  on  lipid  basis  calculated  as  mg  PCP  in  Tissue 

kg  lipid  in  Tissue. 
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Table  1-5  shows  the  analysis  data  and  QA/OC  data  for  the  tissues 
tested  for  PCP.  Attachment  Table  III-7  presents  the  water  quality 
data  for  PCP  collected  as  part  of  the  SBC  RI.  These  data  are 
compared  to  a proposed  water  quality  criterion  for  PCP.  The  water 
quality  data  for  PCP  was  collected  upstream  and  downstream  of  the 
known  point  source  of  PCP.  The  lowest  downstream  site  sampled  for 
PCP  was  SS-07,  which  is  22.3  stream  miles  above  the  Warm  Springs 
Ponds . 

As  seen  in  Table  III-7,  the  proposed  water  quality  criterion  for 
PCP  was  exceeded  at  the  stations  sampled  on  several  occasions. 
However,  no  PCP  water  quality  data  were  collected  for  stations  nearer 
the  Warm  Sprinqs  Ponds.  Comparisons  of  the  available  water  quality 
data  to  the  fish  data  do  not  provide  much  insight.  More  extensive 
PCP  water  quality  data  were  not  collected  at  the  Warm  Springs  Ponds 
because  the  first  approach  was  to  document  tissue  concentrations, 
before  embarking  on  a pathway  study.  The  Fish  Tissue  Investigation 
was  to  serve  as  documentation  of  tissue  concentrations. 

Fish  tissues  from  the  Warm  Springs  Ponds  had  measurable  amounts  of  PCP 
on  a wet  weight  basis  and  on  a lipid  basis  (Table  1-5).  The  USEPA 
has  a draft  One-Day  Health  Advisory  (HA)  for  PCP  calculated  for  a 
10  kg  (22  lb)  child  as  follows  (USEPA  1985): 
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One-Day  HA  = 


(NOAEL) (BW) 
(UF)  (L/day) 


= ug/L 


where 

NOAEL  = No  Observed  Adverse  Affect  Level  (The  exposure  done 
in  mg/kg  BW) 

BW  = Body  weight  in  Kg 

UF  = Uncertainty  Factor 

L/day  = Assumed  daily  water  consumption. 


One- Day  HA  = 


(10  mg/kg/day)  (10  mg) 
(100)  ( 1 L/day ) 


Using  the  data  provided  in  these  equations  one  can  calculate  (using 
the  UF  of  10Q)  that  the  daily  HA  intake  equals  1.0  mg/day  for  a 10 
kg  child. 

Using  the  worst-case  PCP  concentration  of  0.024  ug/g  wet  weight  in 
Warm  Springs  Ponds  fish  fillet  tissue  yields  an  intake  of  41,666g 
or  91  lbs  of  tissue  per  day  to  reach  the  limit  of  1 mg  PCP  per  day. 
The  Ten-Day  and  Lifetime  Health  Advisories  are  0.3  of  the  One-Day 
Health  Advisory,  indicating  a 10kg  (22  lb)  child  would  have  to 
consume  27  lbs  per  day  of  the  worst-case  tissue  to  exceed  the  No 
Observed  Adverse  Effect  Level  (NOAEL). 

Attachment  Table  1 1- 6 presents  data  for  PCP  concentrations  in  fish 
tissues  found  in  the  literature.  Warm  Springs  Ponds  fish  fillet 
samples  on  a whole-tissue  basis  were  much  lower  than  either  the 
fish  fed  an  experimental  diet  of  PCP  or  fish  tested  from  Lake 
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Ontario  (Niimi  and  Cho  1983).  The  concentration  factors  in  Attach- 
ment Table  II-6  show  that  PCP  is  concentrated  by  fish,  and  that  the 
longer  the  organism  is  exposed,  the  greater  the  concentration  factor. 
These  data  were  insufficient  for  evaluating  Warm  Springs  Ponds  fish 
PCP  concentrations.  PCP  concentrations  were  evaluated  using  Stu- 
dent's t-test  and  correlation  tests. 

As  seen  in  Table  3-2,  PCP  shows  a higher  concentration  in  the 
reproductive  tissues  than  in  the  fillet.  However,  this  difference 
was  not  shown  to  be  significant  (p.<.05)  for  the  means  of  PCP  in 
the  whole  tissue  or  on  a lipid  basis. 

Comparing  PCP  concentration  means  to  PCB  concentration  means  (Section 
3.2.3)  reveals  that  for  fillets,  PCP  was  significantly  lower  in 
concentration  than  PCBs  (p<.05),  and  this  pattern  was  repeated  for 
reproductive  tissue  (p<.05).  PCP  concentrations  in  fillets  weakly 
and  negatively  correlated  with  PCP  concentrations  in  reproductive 
tissue  (coefficient  of  determination  = 0.64),  but  PCP  concentrations 
in  fillets  on  a lipid  basis  were  not  correlated  at  all  with  PCP 
concentrations  in  reproductive  tissue  on  a lipid  basis  (coefficient 
of  determination  = 0.018). 

3.2.3  PCB 

Polychlorinated  biphenyls  (PCB)  are  synthetic  chlorinated  hydro- 
carbons. They  are  identified  by  numbers  which  describe  the  per- 
centage of  chlorine  in  the  compound.  Major  PCBs  manufactured  are 
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Aroclor®  1221,  2132,  1242,  1248,  1254,  1260,  1262,  and  1268;  the 
last  two  digits  in  the  number  signify  the  percentage  of  chlorine. 
PCBs  are  poorly  soluble  in  water,  are  soluble  and  concentrate  in 
animal  fats,  and  increase  in  food  chains  (Heath,  et_.  a_l.  1972  in 
Schladweiler  and  Weigand  1983).  PCBs  have  been  listed  under  RCRA 
as  a hazardous  waste,  and  they  were  identified  for  analysis  in 
SBC  R I fish  by  the  reguest  of  MDHES,  because  PCBs  are  potential 
contaminants  within  the  SBC  drainage  area. 

Table  3-3  summarizes  the  data  found  in  Attachment  Table  1-6  and 
compares  the  PCB  concentrations  found  in  the  tissue  of  Warm  Springs 
Ponds  fish  to  USDA  standards  for  food.  The  comparison  with  the  FDA 
standards  are  made  on  a wet-weight  basis,  as  this  is  how  the  stan- 
dards are  given  (21  CFR  109.3(b)).  Attachment  Table  1-6  shows  that 
the  values  for  PCB  in  all  of  the  fish  fillets  collected  are  lower 
than  the  FDA  standard.  The  four  reproductive  tissue  samples  with 
sufficient  tissue  for  extraction  (T055-T  was  a very  small  sample) 
also  showed  PCB  wet  weight  concentrations  less  than  the  food  stan- 
dards. 

Attachment  Table  1 1- 7 presents  some  PCB  concentrations  in  fish 
tissue  from  the  literature.  Even  though  Lake  Mcllwaine  data 
(Greichus,  _et_  al_.  1978)  are  for  the  whole  carcass,  values  are 
comparable  (within  ten  times)  to  the  fillet  PCB  concentrations  re- 
ported for  Warm  Springs  Ponds  fish.  The  lake  in  Rhodesia  is  a 
reservoir  constructed  in  1952  below  the  city  of  Salisbury.  In  1974, 
the  year  of  sampling,  the  population  of  Salisbury  was  estimated  at 
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TABLE  3-3 

MEANS,  STANDARD  ERRORS  AND  RANGES  OF  PCB  IN  WARM  SPRINGS  PONDS 
FISH  FILLETS  AND  REPRODUCTIVE  TISSUES  COMPARED  TO  PCB  ACTION 

LEVELS  IN  FOOD  (USDA  NO  DATE) 


Mean (a) 

Standard  Error (a) 

Range ( a ) 

FDA  Tolerance  level (a'b) 

PCB  in  fillet, 
n=5,  wet  weight 

0.338 

0.0292 

0.23-0.39 

2.0(c) 

PCB  in  fillet- 
lipid  Basis n=5 

11.4 

1.84 

4.43-14.9 

PCB  in  repro- 
ductive tissue (b), 

0.378 

0.127 

0.179-0.717 

2.0(c) 

n=4,  wet  weight 

PCB  in  repro- 

14.3 

0.801 

13.2-16.7 

ductive  tissue- 
1 ipid  basis^b'd ) , 
n=4 

(a)  All  values  in  ppm  of  PCB  1260. 

(b)  Reproductive  tissue  includes  female  eggs  and  male  testes. 

(c)  FDA  temporary  tolerance  for  residues  of  PCB  in  Fish  (29  CFR  109.30(b)). 
Calculated  on  a wet  weight  basis. 

(d)  ppm  PCB  on  lipid  basis  calculated  as  mg  PCB  in  Tissue 

kg  lipid  in  Tissue. 
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500,000.  Greichus,  et_  a_l.  ( 1978)  found  that  PCB  concentrations  in 
Lake  Mcllwaine  fish  below  Salisbury  were  higher  than  PCB  concentra- 
tions in  fish  found  in  another  Rhodesian  lake  that  was  below  a less 
populated  area,  indicating  Lake  Mcllwaine  was  polluted  with  PCBs. 
The  other  data  presented  in  Attachment  Table  III-7  indicate  that 
PCBs  occur  at  fairly  high  levels  in  watersheds  that  are  populated. 
The  Warm  Springs  Ponds  fish  PCB  concentrations  show  similar  concen- 
trations to  those  found  in  aguatic  systems  downstream  of  urban 
areas.  The  actual  sources  and  transport  mechanisms  for  PCB  in 
the  Silver  Bow  Creek/Upper  Clark  Fork  River  system  are  unknown. 

Distribution  of  PCBs  in  Warm  Springs  Ponds  fish  tissues  and 
comparisons  vyith  PCP  tissue  concentration  were  evaluated  using 
Student's  t-test  and  correlation  tests.  As  noted  earlier  in 
Section  3.2.1,  mean  PCB  concentrations  in  Warm  Springs  Ponds  fish 
fillets  and  reproductive  tissue  were  significantly  (p  C.05)  higher 
than  the  corresponding  means  for  PCP  concentrations.  Paralleling 
PCP  concentrations,  mean  PCB  concentrations  in  reproductive  tissue 
on  a lipid  basis  were  higher  than  mean  PCB  concentrations  in  muscle 
tissue  on  a lipid  basis,  but  were  not  significantly  higher  (p  >.05). 
PCB  concentrations  in  fillets  were  not  correlated  with  PCB  concen- 
trations in  reproductive  tissue  on  a tissue  basis  (coefficient  of 
determination  = 0.26). 

However,  on  a lipid  basis,  reproductive  tissue  PCB  concentrations 
appeared  to  be  weakly  and  negatively  correlated  with  fillet  PCB 
concentrations  (coefficient  of  determination  = 0.84). 
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4.0  CONCLUSIONS 


DRAFT 


4.1  METALS 

Warm  Springs  Ponds  fish  muscle  and  liver  tissues  were  analyzed  for 
arsenic,  cadmium,  copper,  and  zinc  concentrations.  The  data  then 
were  examined  for  concentrations  greater  than  those  naturally  oc- 
curring, bioconcentration  in  and  differential  concentration  between 
the  two  tissues,  and  concentrations  above  established  standards. 

Arsenic  was  not  significant  in  any  of  the  four  evaluations.  The 
fish  did  appear  to  bioconcentrate  cadmium  in  their  liver  tissue, 
although  not  at  levels  above  natural  occurrence. 

Zinc  and  copper  both  appear  to  be  bioconcentrated  by  the  fish, 
differentially  between  the  muscle  and  liver  (higher  in  the  liver). 
Liver  concentrations  are  greater  than  natural;  however,  only  copper 
is  above  the  standards.  Zinc  concentrations  are  greater  in  the 
mu  scle  tissue. 

4.1.1  Arsenic 

Study  results  indicate  that  arsenic  concentrations  in  Warm  Springs 
Ponds  fish  were  not  elevated  above  naturally  occurring  concentra- 
tions, and  these  fish  did  not  appear  to  have  higher  concentrations 
of  arsenic  than  fish  in  the  upper  Clark  Fork  River.  Comparing  this 
study's  tissue  concentration  data  to  RI  water  guality  data  was 
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inconclusive  regarding  bioconcentration  of  arsenic  by  Warm  Springs 
Ponds  fish.  Arsenic  did  not  appear  to  be  differentially  distri- 
buted between  fillet  and  liver  tissues,  appeared  to  be  in  the  same 
concentration  ranges  as  cadmium  in  fillet  and  liver  tissue,  and 
appeared  to  be  less  concentrated  than  either  copper  or  zinc  in  both 
fillet  and  liver  tissues. 

Data  indicated  that  arsenic  in  Warm  Springs  Ponds  fish  fillets  and 
livers  did  not  occur  at  concentrations  greater  than  the  USDA's 
lowest  standard  of  0.50  pg/g. 

4.1.2  Cadmium 

Cadmium  does  not  appear  to  be  concentrating  at  higher  than  naturally 
occurring  levels  in  Warm  Springs  Ponds  fish  muscle  fillets  or 
livers,  and  cadmium  concentrations  in  Warm  Springs  Ponds  fish 
fillets  do  not  appear  to  be  higher  than  cadmium  concentrations  in 
the  muscle  of  fish  living  in  the  upper  Clark  Fork  River  below  the 
ponds.  Concentrations  in  Warm  Springs  Ponds  fish  were  higher  than 
ambient  concentrations  of  cadmium,  indicating  some  bioconcentration 
is  occurring.  Cadmium  concentrations  were  in  the  same  range  as 
arsenic,  but  were  much  less  than  copper  or  zinc.  Cadmium  appears 
to  be  concentrating  differentially  in  the  tissues  tested,  occurring 
at  higher  concentrations  in  the  liver  tissue. 
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• 

A person  would  have  to  eat  6.33  lbs/week  of  the  worst-case  fish 
fillets  to  reach  the  FAO/WHO  standard  of  500  yg/g  cadmium  per  week. 
A person  would  have  to  eat  0.44  lbs/week  of  the  worst-case  liver 
tissue  to  consume  the  FAO/WHO  standard  amount. 

4.1.3  Copper 


Copper  does  not  appear  to  be  elevated  above  naturally  occurring 
concentrations  in  Warm  Springs  Ponds  fish  fillets,  but  does  appear 
to  be  elevated  above  naturally  occurring  concentrations  in  Warm 
Springs  Ponds  fish  livers.  Copper  concentrations  in  Warm  Springs 
Ponds  fish  fillets  appear  to  be  in  the  same  ranqe  as  muscle  from 
fish  living  ;n  the  Clark  Fork  River  below  the  ponds.  Copper  con- 
centrations in  Warm  Springs  Ponds  fish  fillet  and  liver  tissues 
were  greater  than  ambient  water  concentrations,  indicating  biocon- 
centration is  occurring.  Copper  concentrations  were  higher  in 
livers  than  muscle  fillets  in  the  tissues  tested.  Copper  was  found 
at  greater  concentrations  than  arsenic  or  cadmium  in  both  livers 
and  fillets  and  was  higher  than  zinc  in  liver  tissue. 


Warm 
than 
t rat 


Springs  Ponds  fish  showed  fillet  concentrations  of 
the  USDA  standard  for  food  of  100  yg/g,  but  showed  1 
ions  of  copper  greater  than  the  100  yg/g  standard. 


copper  less 
iver  concen- 
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4.1.4  Zinc 


Fish  in  the  Warm  Springs  Ponds  do  not  appear  to  have  greater  than 
naturally  occurring  concentrations  of  zinc  in  their  fillets.  Zinc 
concentrations  in  Warm  Springs  Ponds  fish  fillets  and  upper  Clark 
Fork  River  fish  muscle  appear  to  be  similar.  Zinc  appears  to  be 
bioconcentrating  in  both  fillet  and  liver  tissue,  with  both  having 
greater  concentrations  than  is  found  in  the  ambient  water.  Zinc 
appeared  to  be  differentially  distributed,  occurring  at  higher 
concentrations  in  tested  livers  than  tested  fillets.  Zinc  was 
found  at  higher  concentrations  than  arsenic  or  cadmium  in  both 
fillet  and  liver  tissues.  Zinc  was  higher  in  concentration  than 
copper  in  tested  fillets,  but  was  lower  than  copper  in  tested 
livers. 

All  tissues  tested  for  zinc  showed  concentrations  less  than  the 
Canadian  Food  Directorate  standard  of  100  yg/g. 


4.2  ORGANICS 


4.2.1  PCP 

PCP  was  detected  in  all  10  tissues  tested.  Fillet  concentrations 
ranged  from  0.008-0.024  yg/g  wet  weight  and  ranged  from  0.301-0.728 
yg/g  lipid  based.  Reproductive  tissue  concentrations  ranged  from 
0.008-0.054  yg/g  wet  weight  and  ranged  from  1.28-6.58  yg/g  lipid 
based.  A 10  kg  (22  lb)  child  would  have  to  consume  91  lbs/day  or 
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27  lbs/day  of  the  worst  case  fillet  concentration  to  exceed  the  USEPA 
One-Day  or  Ten-Day  and  Lifetime  Health  Advisory  No  Observed  Adverse 
Affect  Levels  for  POP.  Literature  data  comparisons  were  inconclu- 
sive regarding  Warm  Springs  Ponds  fish  POP  concentrations.  PCP  did 
not  appear  to  be  differentially  distributed  between  the  muscle  fil- 
let and  reproductive  tissues.  PCP  concentrations  appeared  to  be  less 
than  PCB  concentrations  in  both  fillet  and  reproductive  tissues. 

4.2.2  PCB 

All  of  five  tested  fish  fillets  showed  concentrations  less  than 
the  FDA  food  standard  of  2.0  yg/q.  All  of  five  tested  reproduc- 
tive tissues  showed  concentrations  of  PCB  less  than  the  standard. 
Literature  data  indicated  PCB  contamination  of  fish  is  a widespread 
problem,  but  since  Warm  Springs  Ponds  fish  are  only  exposed  to 
Silver  Bow  Creek  water  and  local  sediments,  the  source  for  this  PCB 
contamination  must  be  local.  PCB  concentrations  appeared  to  be 
higher  than  PCP  concentrations  in  the  tissues  tested.  PCB  did  not 
appear  to  be  differentially  distributed  in  the  tissues  tested. 

4.3  RECOMMENDATIONS 

No  further  RI/FS  studies  are  recommended  for  metals  or  organis 
in  fish  tissue. 
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DRAFT 


ATTACHMENT  I 

METALS  AND  ORGANICS  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 

ANALYSIS  DATA  AND  QA/QC  DATA 


MultiTech 


TABLE  1-1 


ARSENIC 

IN  WARM  SPRINGS  PONDS  FISH  TISSUE 

Run  1 

Run  2 

Lab  No. 

uq/q 

uq/q 

DSA% 

TO5  0M 

0.080 

<0.143 

<128% 

TO50L 

<0.055 

<0 . 160 

<148% 

T05  1M 

0.235 

0.146 

76% 

T051L 

0 . 390 

0.455 

107% 

T05  2M 

0.088 

<0.143 

<144% 

T052L 

<0.055 

— 

— 

T05  3M 

<0.055 

<0.143 

<144% 

T053L 

<0.055 

0 .182 

150% 

T05  7M 

<0.055 

<0.144 

<144% 

T057L 

<0.055 

<0 .144 

<144% 

oa/oc 

SUMMARY 

Lab  No. 

Run 

1 

Run  2 

0961:Blank 

<0.0072  mq/L 

<0.011  mq/L 

Q9  6 2:  B1  ank 

<0.0072  mq/L 

np(  q) 

0963: Dupl icate 

DSA% ( a ' 

= 

99 

100 

0964 : Duplicate 

DSA% (a ) 

= 

74 

NP 

0965: Standard 

KSA% (b) 

= 

5 

101 

Q966: Standard 

KSA% (c ) 

= 

163 

360 

0967:  Standard 

KSA% <d ) 

= 

143 

40 

0968 : Spike 

SSR% (e ) 

= 

137 

49 

0969 : Duplicate 

DSA% (f ) 

102 

NP 

Analyst  Replicates 

( DSA% ) 

Run  1 

Run  2 

Required  Ranqe 

0967-R  99 

T05  1 L-R 

106 

5-115  or  ± 1 

MDL 

T051M-R  9 7 

0967-R 

96 

Analyst  Calibration 

Checks  ( KSA% ) 

Run 

1 

Run 

2 

Required 

Ranqe 

W5  3 78 

102 

W5378 

110 

85-115  or 

± 1 MDL 

W5  378 

101 

W5  37  8 

102 
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TABLE  1-1 


ARSENIC  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 

(Continued) 


Run  1 

0963-S  82 

T037L-S  84 


Analyst  Spikes  (SSR%) 

Run  2 Required  Range 

T051M-S  94  75-125  or  ± 1 MDL 

T053L-S  101 


Tissue  Split 

(b)  EPA  Metals  in  Fish 

(c)  NBS  Metals  in  Bovine  Liver 

(d)  EPA  Metals  in  Water 

Prediqestion  Spike 

( f ) Diqest  Spl it 

(g)  np  = Not  Performed 


Note 


DSA% 


KSA% 


^2 * 100 

(Mi  + M2 ) /2 

Measured  Value  * ^ qq 
True  Value 

(Spiked  Sample)  - (Sample)  (Dil.  Factor)  * 1Q() 


SSR% 


(Spike)  (Dil.  Factor) 


TABLE  1-2 


Lab  No. 

CADMIUM  IN  WARM  SPRINGS 

Run  1 
uq/q 

PONDS  FISH  TISSUE 

Run  2 
uq/q 

DSA% 

TO5  0M 

0.019 

0.174 

180% 

TO50L 

1.05 

0.50 

64% 

T05  1M 

0.028 

0.082 

<149% 

T051L 

2.32 

1 . 39 

75% 

T05  2M 

0.089 

0.082 

<96% 

T052L 

2.51 

1.54 

76% 

T05  3M 

0.020 

<0.083 

<161% 

T053L 

1 .36 

0.427 

48% 

T05  7M 

0.010 

<0.083 

<178% 

T057L 

0.688 

<0 . 083 

<21% 

QA/QC  SUMMARY 

Lab  No. 

Run  1 

Run  2 

Q961:  Bl  ank 

<0.001 

0.010 

09 6 2 : Blank 

<0.001 

— 

09  6 3:  Du  pi  i cate 

DSA% ( a ) = 175 

100 

0964 : Duplicate 

DSA% ( a ) = 91 

— 

0965: Standard 

KSA%(b)  = 58 

103 

0966: Standard 

KSA%(°)  = 268 

70 

09  6 7 : Standard 

KSA%(d)  = 270 

60 

Q968  : Spike 

SSR%(e)  = 261 

60 

0969: Du plicate 

DSA%(f)  = 100 

— 

Analyst  Replicates  (DSA%) 


Run  1 

Run  2 

Required 

Range 

T05  2M-R 

107 

TO50L-R 

107 

85-115  or 

± 1 MDL 

0965-R 

99 

TO50L-R 

94 

T052L-R 

101 

0967-R 

98 

Analyst  Calibration 

Checks  ( KSA  % ) 

Run  1 Run  2 Required  Range 


W5  378  90  WP 2 8 4 #2  108  85-115  or  ± 1 MDL 

W5378  94  WP284  #2  100 

0 . 1 ppm  110 
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TABLE  1-2 


CADMIM  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 

(Continued) 


Analyst  Spikes  (SSR%) 


Run  1 

Run  2 

Reguired 

Range 

T053M-S 

82 

T051L-S 

75-125  or 

± 1 MDL 

09  6 3-S 

89 

0966-S 

T052L-S 

123 

( a ) Ti ssue  Split 

(b)  EPA  Metals  in  Fish 

NBS  Metals  in  Bovine  Liver 

(d)  EPA  Metals  in  Water 

Predigestion  Spike 
( f ) Digest  Split 


Note 


DSA% 


KSA% 


SSR% 


2 * 100 

(Mi  + M2)/2 

Measured  Value  * ^ ^ ^ 

True  Value 

(Spiked  Sample)  - (Sample)  (Dil.  Factor) 
(Spike)  (Dil.  Factor) 


* 100 
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TABLE  1-3 


COPPER  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 


Lab.  No 


ug/g 


TO5  0M 

0.838 

TO50L 

194  . 

T05  1M 

0.675 

T051L 

104  . 

T05  2M 

0.488 

T052L 

200  . 

T05  3M 

<0.325 

T053L 

202  . 

T05  7M 

0.463 

T057L 

738  . 

OA/OC 

SUMMARY 

Q961: B1 ank 

<0.037  mq/L 

0962: Blank 

<0.037  mq/L 

Q9  6 3 : Dupl i cate 

DSA  % ( a ) = 146 

0964 : Dupl icate 

DSA% ( a ) = 92 

Q96  5 : Standard 

KSA%(b)  = 105 

0966: Standard 

KSA%(c)  = H6 

09  6 7 : Standard 

KSA%<d)  = 82 

0968 : Spike 

SSR%(e)  = 100 

0969: Du plicate 

DSA%(f)  = 113 

Analyst 

Replicates 

Lab.  No. 

DSA  %/RSA  % 

Required  Range 

T051L-R 

98 

85-115  or  ± 1 MDL 

0965-R 

90 

Analyst  Calibration  Checks 

Lab.  No. 

KSA% 

Required  Range 

WP  2 8 4 
WP  2 8 4 


#2 

#2 


94 

96 


85-115  or  ± 1 MDL 
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X. 


TABLE  1-3 


COPPER  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 

(Continued) 


Analyst  Spikes 

Lab . No . SSR  % Required  Range 

T053L-S  99  75-125  or  ± 1 MDL 

0963-S  89 


Tissue  Split 
(b)  EPA  Metals  in  Fish 

NBS  Metals  in  Bovine  Liver 

EPA  Metals  in  Water 

Predigestion  Spike 
Digest  Split 


Note 


D SA% 
KSA% 


SSR% 


M2, 

(Mi  + M 2 ) / 2_ 


* 100 


Measured  Value 
True  Value 


* 100 


(Spiked  Sample)  - (Sample)  (Dil.  Factor) 
(Spike)  (Dil.  Factor) 


* 100 
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TABLE  1-4 


ZINC  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 


Lab.  No. 


^g/g 


TO5  0M 

3 

TO50L 

32 

T05  1M 

6 

T051L 

62 

T05  2M 

6 

T052L 

51 

T05  3M 

5 

T053L 

45 

T05  7M 

3 

T057L 

39 

74 

2 

18 

2 

12 

9 

31 

9 

96 

8 


OA/OC 

SUMMARY 

0961: Blank 

<0.031 

mg/L 

0962: Blank 

<0.031 
DSA% ( a ) 
DSA% (a ) 

mg/L 

0963: Duplicate 

= 103 

0964 : Duplicate 

= 100 

Q9  6 5 : Standard 

KSA% (b ) 

= 95 

0966: Standard 

KSA% (c ) 

= 109 

0967 : Standard 

KSA%  ) 

= 91 

0968 : Spike 

SSR% (e ) 

= 112 

0969 : Duplicate 

Analyst 

DSA% ) 
Replicates 

= 104 

Lab.  No.  PSA %/RSA % Required  Range 


T051L-R  98  85-115  or  ± 1 MDL 

0965-R  91 


Analyst  Calibration  Checks 


Lab . 

No. 

KSA% 

Regu i red 

Range 

WP  2 8 4 

#2 

96 

85-115  or 

± 1 MDL 

WP  2 8 4 

#2 

101 
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TABLE  1-4 


ZINC  IN  WARM  SPRINGS  PONDS  FISH  TISSUE 

(Continued) 


Lab.  No 

T053L-S 

Q963-S 


Analyst  Spikes 

SSR % Required  Range 

106  75-125  or  ± 1 MDL 

80 


Tissue  Split 
(b)  EPA  Metals  in  Fish 

NBS  Metals  in  Bovine  Liver 

(*3)  EPA  Metals  in  Water 

Predigestion  Spike 
( f ) Digest  Split 


Note 
D SA% 

KSA% 


SSR% 


;_z * -i  aq 

(Mi  + M2)/2 

Measured  Value  . , 

* 100 

True  Value 

(Spiked  Sample)  - (Sample)  (Dil.  Factor) 
(Spike)  (Dil.  Factor) 
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TABLE  1-5 

PCP  CONCENTRATIONS  OF  WARM  SPRINGS  PONDS  FISH 


Species 

Sex 

Lab  No. 

Fillet 

(ppm) 

Fillet  (a> 
Lipid  (ppm) 

Reproduct i ve  ( ^ ) 
(ppm) 

Reproductive 

Lipid(a'k) 

(ppm) 

Salmo  gairdneri 

M 

TO  49 

0.012 

0.408 

0.020(T) 

1.48(T) 

Salimo  gairdneri 

F 

T051 

0.019 

0.728 

0.030(E) 

2.79(E) 

Salmo  gairdneri 

F 

TO  54 

0.008 

0.301 

0.054(E) 

1.04(E) 

Salmo  gairdneri 

M 

T055 

0.024 

0.462 

0.008(T) 

6.58(T) 

Salmo  gairdneri 

F 

TO  58 

0.012 

0.577 

0.042(E) 

1.28(E) 

QA  Notes 

Internal  QA/QC  sample  data  available  in  files  of  contract  laboratory.  Independent 
sample  bank  samples  generated  the  following  data: 

Sample  bank  blank':  0970  <.005  ppm. 

Sample  bank  duplicate:  0972 

Whole  Tissue  DSA%  = 114(c) 

Sample  bank  standard:  Q974 

KSA%  = 35%(d) 


(a)  ppm  PCP  on  lipid  basis  calculated  as  mg  PCP  in  Tissue 

kg  lipid  in  Tissue. 


(b)  x = Tastes 
E = Eggs 


(c) 

DSAI 


M0  

(M^  + M2) /2 


/■n  Measured  Value 

(a)  KSAfc  = 

True  Value 


* 100 


*100 
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TABLE  1-6 

PCB  CONCENTRATIONS  OF  WARM  SPRINGS  PONDS  FISH 


Species 

Sex 

Lab  No. 

Fillet  (a) 
(ppm) 

Fillet  (a/t>) 
Lipid  (ppm) 

Reproduct i ve ( a ' c ) 
(ppm) 

Reproductive 
Lipid (a^c) 
(ppm) 

Salmo  gairdneri 

M 

TO  49 

0.330 

11.2 

0. 183(T) 

13.6(T) 

Salmo  gairdneri 

F 

T051 

0.390 

14.9 

0.179(E) 

16.7(E) 

Salmo  gairdneri 

F 

TO  54 

0.355 

13.3 

0.717(E) 

13.8(E) 

Salmo  gairdneri 

M 

T055 

0.230 

4.43 

<0.05(T) 

<41 ,0(T) 

Salmo  gairdneri 

F 

TO  58 

0.386 

13.2 

0.433(E) 

13.2(E) 

OA  Notes 

Internal  QA/OC  sample  data  available  in  files  of  contract  laboratory, 
sample  bank  samples  generated  the  fol lcwing  data: 

Independent 

Sample  bank  blank:  0971  <.0004  mg/sanple 

Sample  bank  duplicate:  0973 

Whole  Tissue  DSA%  = 54% (d) 
Lipid  Based  DSA%  = 98% 


Sarrple  bank  standard:  0975 

KSA%  = 69%(e) 


(a)  \&lues  are  for  PCB  1260. 

(b)  ppm  PCP  on  lipid  basis  calculated  as  mg  PCP  in  Tissue 

kg  lipid  in  Tissue. 

(c)  x = Testes 
E = Eggs 


^ DSA£  = ^ * 100 

(Mi  + M2)/2 


/ \ Measured  Value  , , . 

(e)  KSA%  = * 100 

True  Value 
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FISH  TISSUE 


ATTACHMENT  II 

CONCENTRATIONS  OF  ARSENIC , CADMIUM,  COPPER,  ZINC,  PCP,  AND  PCB 
IN  FISH  TISSUE-EXAMPLES  FROM  THE  LITERATURE 


MultiTech 


TABLE  I 1-1 

ARSENIC  IN  FISH  TISSUE-EXAMPLES  FROM  THE  LITERATURE 
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(a)  Wet  weight. 

(b)  From  Phillips  and  Russo  1978. 

(c)  Dry  weight.  V/D  = 5.1. 

(d)  pry  weight  divided  by  4. 
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TABLE  I I- 3 

COPPER  IN  FISH  TISSUE-EXAMPLES  FROM  THE  LITERATURE 
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(a)  Wet  weight. 

(b)  Fran  Phillips  and  Russo  1978. 

(c)  Dry  weight. 

(d)  Dry  weight  W/D  =5.1 

(e)  Dry  weight  divided  by  4. 
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TABLE  1 1- 4 

ZINC  IN  FISH  TISSUE-EXAMPLES  FROM  THE  LITERATURE 
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(a)  Vfet  weight 

(b)  From  Phillips  and  Russo  1978. 
Dry  weight. 

(b)  Dry  weight  W/D  = 5.1 
(e)  Dry  weight  divided  by  4. 


TABLE  I I- 5 

BACKGROUND  FISH  TISSUE  CONCENTRATIONS  OF  ARSENIC , CADMIUM, 
COPPER  AND  ZINC  IN  THE  UNITED  STATES 


1978-79  1980—81 


GM 

Min 

85 

Max  Percentile 

CM 

Min 

Max 

85 

Percentile 

As 

.16 

.04 

2.08  .23 

.14 

.05 

1.69 

.22 

Cd 

.04 

.01 

.41  .09 

.03 

.01 

.35 

.06 

Cu 

.86 

.29 

38.75  1.14 

.68 

.25 

24.10 

.90 

Zn 

25.63 

7.69 

168.1  46.26 

23.82 

8.82 

109.2 

40.09 

All 

data  in  yg/g  wet 

weight. 

CM  = geometric  mean. 

Source:  Lowe,  et.  al . 1985. 
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PCP  IN  FISH  TISSUE  - EXAMPLES  FROM  THE  LITERATURE 
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TABLE  I I- 7 

PCB'S  IN  FISH  TISSUE  - EXAMPLES  FROM  THE  LITERATURE 
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TABLE  1 1- 8 

RIOCONCENTRATION  FACTORS  OF  CADMIUM 
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SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 

FISH  TISSUE 


ATTACHMENT  III 


METALS  IN  THE  FISH  OF  THE  CLARK 
METALS  AND  ORGANICS 


FORK  RIVER  - HISTORICAL  DATA. 
IN  WATER  - R I DATA 


V 


— MultiTech 


J 


TABLE  III-l 

METAL  CONCENTRATIONS  IN  A BROWN  TROUT  ( Salmo  trutta ) COLLECTED 

IN  WARM  SPRINGS  POND  NO.  3 IN  1976 


Concentration 

Metal ( yg/g  we t ) 


As 

0.51 

Cu 

.825 

Cd 

in 

o 

• 

V 

Zn 

5.43 

Source:  Dent  1977. 


III-l 


TABLE  111-2 

AVERAGE  CONCENTRATIONS  OF  CADMIUM , COPPER , AND  ZINC 
IN  TROUT  ( Salmo  spp . ) MUSCLE  AND  LIVER  FROM  THE 

CLARK  FORK  DRAINAGE 


Muscle 

Liver 

Metal 

uq/q 

yg/g 

Cd 

.19 

.69 

Cu 

1.47 

11.4 

Zn 

6.3 

38 

Source:  Van  Meter  1974. 


Ill- 2 


TABLE  I I I- 3 

AVERAGE  CONCENTRATIONS  OF  CADMIUM  AND  COPPER  IN  TROUT 
( Salmo  spp.)  LIVER  FROM  THE  UPPER  CLARK  FORK 
RIVER  COMPARED  TO  AVERAGE  CONCENTRATIONS  OF 
CADMIUM  AND  COPPER  FROM  ROCK  CREEK  OF 
THE  MIDDLE  CLARK  FORK  DRAINAGE 


U C F R ( a ) 

RC  ( b ) 

Metal 

yg/g 

ug/g 

Cd 

1.1(3) 

1.9(3) 

Cu 

14(3) 

17(3) 

(a)  The  Upper  Clark  Fork  River  sampling  stations  included  three 
below  the  Warm  Springs  Ponds  and  one  below  the  confluence  with 
the  Little  Blackfoot  River. 

(b)  The  five  Rock  Creek  stations  were  all  on  the  main  stem  of  Rock 
Creek . 

(c)  Numbers  in  parentheses  are  the  number  of  samples  used  to 
calculate  the  average. 


Source:  Van  Meter  1974. 


Ill- 3 


TABLE  I I I- 4 

MEANS,  STANDARD  DEVIATIONS  AND  RANGES  OF  LENGTH,  WEIGHT,  AND  METAL,  AND  METAL  CONCENTRATIONS  IN  BROWN  TROUT  FROM 
TWO  SECTIONS  OF  THE  CLARK  FORK  RIVER  AND  ONE  ON  THE  LITTLE  BLACKFOOT  RIVER;  SAMPLING  CONDUCTED  SEPTEMBER  18-19,  1978 
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TABLE  I I I- 5 

CONCENTRATIONS  OF  ARSENIC,  CADMIUM,  COPPER,  AND  ZINC 
IN  THE  DISCHARGE  FROM  THE  WILDLIFE  PONDS  (PS-1  LA)  DURING  THE  SBC  RI 


As 

Cd 

Cu 

Zn 

Date 

Tbtal 

Tbtal (a) 

Diss (a) 

Tbtal (a> 

Diss(a^ 

Tbtal (a ) 

1 2/05/84 

.0096 

<.0005 

.010 

.021 

.015 

.015 

1^/2  5/84 

.0078 

<.0008 

<.031 

<.031 

.035 

.042 

1/30/8  5 

.0062 

<.0004 

<.025 

<.039 

.102 

.088 

2/13/8  5 

.012 

<.0012 

<.017 

.032 

.186 

.202 

2/13/8  5 

.010 

<.0012 

<.026 

.034 

.163 

.250 

2/27/8  5 

.012 

<.0011 

<.027 

.072 

.075 

.101 

3/13/8  5 

.0081 

<.0028 

.076* 

.065 

.033 

.044 

3/27/8  5 

.011 

<.0015 

.014 

<.049 

<.017 

<.017 

4/10/8  5 

.0159 

<.0011 

<.019* 

.043 

<.014 

.011 

4/24/8  5 

.014 

<.0005 

<.014* 

<.013 

.009 

.011 

5/08/8  5 

.013 

<.0003 

.018 

.022 

<.017 

.015 

5/22/8  5 

.013 

<.00025 

<.030 

.038 

<.011 

.015 

6/0  5/8  5 

.011 

<.00025 

<.015 

.0098 

<.012 

.021 

6/19/8  5 

.014 

<.0010 

<.021 

.021 

<.006 

.023 

7/24/8  5 

.018 

<.0002 

<.023 

.048 

<.006 

.019 

8/29/8  5 

.013 

<.00025 

<.021 

<.005 

<.017 

.009 

* Not  Validated  due  to  requested  reruns  being  past  holding  time.  Reruns 
were  requested  to  lower  the  MDL. 

(a)  Values  reported  in  mg/L. 
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TABLE  I I I- 6 

CONCENTRATIONS  OF  ARSENIC , CADMIUM,  COPPER,  AND  ZINC 
IN  THE  WEST  DECANT  TOWER  DISCHARGE  DITCH 


As 

Total ( a ) 

Cd 

Cu 

Zn 

Date 

Total ( a ) 

Diss . ) 

Total 

Diss.  ( a ) 

Total ( a ) 

1 2/0  5/8  4 

0.0095 

0.00070 

0.019 

0.044 

0.148 

0.206 

1 2/2  8/8  4 

0.0094 

0.0013 

<0.031 

0.052 

0.171 

0.306 

1/30/8  5 

0.0  12 

0.0018 

<0.025 

0.056 

0.415 

0 .524 

2/13/8  5 

0.011 

0.0012 

0.027 

0.063 

0.388 

0.449 

2/2  7/8  5 

0.014 

0.0013 

<0.027 

0.065 

0.308 

0.379 

3/13/8  5 

0.0077 

0.0014 

<0.018* 

0.106 

0.403 

0.341 

3/2  7/8  5 

0.016 

<0.0015 

0.065* 

0.097 

0.155 

0.285 

4/10/8  5 

0.025 

0.0017 

0.047* 

0.183 

0.164 

0.458 

4/24/85 

0..014 

0.00080 

<0.014 

0.094 

0.009 

0.195 

5/0  8/8  5 

0.011 

0.0013 

<0.011 

0.038 

<0.015 

0.108 

5/2  2/8  5 

<0.012 

<0.00025 

<0.030 

0.072 

0.015 

0 .102 

6/0  5/8  5 

0.014 

0.00074 

0.033 

0.058 

0.055 

0.113 

6/1 9/8  5 

0.  0 14 

<0.0010 

0.026 

0.044 

<0.006 

0.084 

7/24/85 

0.012 

<0.00020 

<0.023 

0.051 

<0.0060 

0.028 

8/2  9/8  5 

0.0057 

<0.00025 

<0.021 

0.017 

<0.017 

0.047 

(a)  Values  reported  in  mg/L. 


1 1 1- 6 


* 

C/3  C/3 


TABLE  III-7 

PCP  CONCENTRATIONS  IN  SURFACE  WATER  FOR  SBC  RI , 

1984-1985 


Proposed 

Concentra-  WO  Criteria^3) 
Station  Location  Dates  tions  (ppm)  ( ppm ) 


SS-06 

Just  below  Mt . 
Post  and  Pole 
above  Colorado 
Tai lings 

12/03/84 

0.054(b) 

.048 

SS-07 

Downstream  of  Mt . 
Post  and  Pole 
several  hundred 
yards.  Below 
Colorado  Tailings. 

12/04/84 

0.055(b) 

.048 

SS-06 

SS-06 

Dj  p . 

See  above. 

2/25/85 

2/25/85 

0.200(b) 

0.240(b) 

.048 

.048 

SS-07 

See  above. 

2/25/85 

0.014(b) 

.048 

SS-06 

SS-06 

Dj  p . 

See  above. 

4/22/85 

4/22/85 

0.025(b) 

0.027(b) 

.048 

.048 

SS-07 

See  above. 

4/22/85 

0.048(b) 

.048 

SS-05 

Above  Mt.  Post 
and  Pole,  below 
Mt.  Street  Bridge. 

7/22/85 

<0. 00044(b) 

.048 

SS-06 

See  above. 

7/22/85 

0.029 

.048 

SS-07 

See  above. 

7/22/85 

0.019 

.048 

(a)  Hedtke  and  Arthur  1985. 

(b)  Analyzed  past  holding  time. 
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